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PREFACE

The Volpe National Transportation Systems Centelf® Center) of the U.S. Department of
Transportation’s (U.S. DOT) Research and Innovatigehnology Administration, in
conjunction with the National Highway Traffic Safegdministration (NHTSA), is conducting
independent evaluations of various crash avoidapstems in support of the U.S. DOT'’s
Intelligent Vehicle Initiative (IVI). The IVI focses on solving traffic safety problems through
the development and deployment of vehicle-basedrahitle-infrastructure cooperative crash
countermeasures that address rear-end, roadwastutepdane change, crossing paths, driver
impairment, reduced visibility, vehicle instabilifyedestrian, and pedalcyclist crashes. The
purpose of the independent evaluations is to asksesspact of crash avoidance systems on
factors, such as safety benefits and driver acneptavhich influence the decision of
government officials and private industry to accaie the deployment of these systems in the
U.S. vehicle fleet and infrastructure. Crash asnik prototypes or production-intent systems
have been built and undergone field operation#s fies four vehicle platforms including light
vehicles (passenger cars, sport utility vehiclesisy minivans, and pickup trucks), commercial
vehicles (medium and heavy trucks), transit veki¢lrises, but not school buses), and specialty
vehicles (police, fire, ambulance, snow plows, atiger roadway maintenance vehicles).

This report presents the results of an indepenelaaitiation by the Volpe Center to estimate the
safety benefits, determine driver acceptance, aadacterize the capability of an automotive
rear-end crash avoidance system built by Generébid@nd Delphi Electronics for light-
vehicle applications. This was a part of the Audtine Collision Avoidance System Field
Operational Test (ACAS FOT) program sponsored byfSA. According to the 2002 National
Automotive Sampling System/General Estimates Systash database, light vehicles were
involved in approximately 1.8 million police-reped rear-end crashes in the United States or
about 29 percent of all light-vehicle crashes. sehear-end crashes resulted in about 850,000
injured people.

The authors of this report avéassim NajmMary StearnsHeidi Howarth Jonathan Koopmann
andJohn Hitz

The authors acknowledge the technical contribudiloth support of many individuals in different
organizations. Appreciations are dugl&k Ferencgprogram manager, and Bv. August
Burgettand Dr.David L. Smithof NHTSA for their support and technical guidan@dso
acknowledged are the following Volpe Center stafbple who contributed to many aspects of
the independent evaluation:

- Frank Foderaro database and software management as well agjuiata
- Andy Lamdata processing and conflict identification altfons

— Marco daSilvaMonte Carlo computer simulation models

— Sara SecundaGPS/GIS vehicle location algorithm

— Bruce Wilsondata processing and conflict identification altjons

- Linda Boyle driver acceptance framework and survey compasitio



— Jonathan Tamanalysis of video episodes
— Paul Schimekevaluation planning

The authors also acknowledBaman SampatandBalaji Gopalanof Computer Sciences
Corporation for their diligent efforts in buildiregnd maintaining the database, developing the
multimedia data analysis tool, programming varialgorithms, and performing data query.
Researchers at the University of Michigan Transgimm Research Institute were very helpful
and cooperative in transferring FOT data, expla@gmata anomalies, providing video processing
and time synchronization routines, accommodatinip® @€enter staff for subject debriefings
and focus groups, responding quickly to inquirsegporting the system characterization test,
and sharing their overall expertise in running FOThe technical staffs at General Motors and
Delphi Electronics were also helpful in explainveyious aspects of system operation. Finally,
Cassandra Oxlepf Chenega Advanced Solutions and Engineering (EEASC) is appreciated
for editing this report.
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EXECUTIVE SUMMARY

This report presents the results of an indepenelaitiation by the Volpe Center to assess an
automotive rear-end crash avoidance system buiGdyeral Motors and Delphi Electronics for
light-vehicle applications. According to the 2083ational Automotive Sampling System/
General Estimates System (NASS/GES) crash datdigtseyehicles (e.g., passenger cars, vans,
minivans, sport utility vehicles, and light trucksgre involved in approximately 1.8 million
police-reported rear-end crashes in the UniteceStait about 29 percent of all light-vehicle
crashes. These rear-end crashes resulted in @60/@00 injured people.

System Description

This rear-end crash avoidance system is knownea8ttomotive Collision Avoidance System
(ACAS), which consists of both forward crash wagh(RCW) and adaptive cruise control
(ACC) functions. The FCW detects, assesses, ants ahe driver of a potential hazard in the
forward region of the host vehicle. The FCW isoaudtically functional when the host vehicle
speed exceeds 25 mph (40 km/h), and becomes ieaghign the speed falls below 20 mph (32
km/h). The ACC uses automatic brake and throttlaintain speed and longitudinal headway
control. The maximum braking authority of ACC i8€¢. Cautionary alerts are visually
presented to the driver by means of a color headigaglay (HUD). The driver can control the
sensitivity of visual cautionary alerts in six g&gs. Crash imminent alerts consist of both a
flashing visual display (HUD) and an auditory afeoim a speaker embedded in the dashboard,
which occur simultaneously. The timing of the ey visual display and the auditory tone are
not adjustable. The driver can set the gap headdvAZC in six steps between 1 and 2
seconds. The ACC possesses a warning capabdityakes into account the braking that ACC
can provide (up to 0.3 g). In integrating FCW &IC functions, the ACAS is intended to
improve automotive safety by assisting driversvoiérear-end crashes.

Description of Field Operational Test

The ACAS underwent a field operational test (FQiBttwas conducted with 10 equipped
vehicles from March 2003 to November 2004. Nirgiysubjects were selected from the State
of Michigan as FOT patrticipants, 66 of which wexp@sed to the final version of the ACAS
that was evaluated in this report. They were ggjitally by gender and three age groups:
younger (20 to 30 years old), middle-age (40 tg&drs old), and older (60 to 70 years old).
Each subject drove the ACAS-equipped vehicle ashiger own personal car for a test period of
four weeks, unsupervised and unrestricted. Tiseviireek was dedicated to collecting baseline
driving data, i.e.withoutthe assistance of the ACAS. During this week, FOBjects drove

with manual control and also had the option of ggianventional cruise control (CCC). During
the remaining three weeks, driving was performwéti the assistance of the ACAS. In that
period, subjects drove the FOT vehicles with eithanual control or manual control augmented
with the FCW function, and they also had the optbengaging ACC. It should be noted that
FOT subjects could not disable the FCW functionrdpACAS-enabled test period. Two hours
of training were provided for FOT participants prio starting the FOT.
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Independent Evaluation Goals
Goals of the independent evaluation of ACAS were to

» characterize ACAS performance and capability;
» achieve a detailed understanding of ACAS safetgfitsn and
» determine driver acceptance of ACAS.

The independent evaluation sought to address these goals to support the decision process in
the deployment of crash avoidance systems. Thed&Dé&rated objective data gathered by on-
board data acquisition systems and subjectiveatzstaned from test subject interviews, surveys,
and focus group sessions. The Volpe Center inadkgrely conducted a system characterization
test to acquire additional data on the performarfid®CAS sensors and automatic controls from
controlled, predetermined on-road routes.

Independent Evaluation Results

System Exposure

FOT participants (66 subjects) drove a total oftald®3,000 km during the FOT — 64,000 km
with FCW and 44,000 km with ACC. ACC use was alh8ttimes greater than CCC in terms
of vehicle distance traveled (VDT). The older plagion used ACC most often. About 85
percent of the distance traveled was accumulatedratle speeds greater than or equal to 35
mph. About 55 percent of the distance traveled eveBeeways.

System Capability

The system capability analysis examined the operatiperformance of ACAS by addressing its
major components individually: sensor suite, diggtc, automatic controls, and driver-vehicle
interface (DVI). FOT participants received 0.6agh-imminent alerts per 100 km traveled
overall — 56 percent of the alerts were due toathpargets and the remaining 44 percent were
caused by out-of-path targets. The highest rategash-imminent alerts was issued at vehicle
speeds between 25 and 35 mph, amounting to 2.8 pkr 100 km traveled. In an analysis of
recorded facial images, the driver appeared tadieadted in 38 percent of all crash-imminent
alert episodes. The eyes of the driver were @frtad ahead for at least 1.5 seconds prior to the
alert in 3 percent of all crash-imminent alert ediss. The independent evaluation judged 28 or
about 3 percent of all crash-imminent alerts ase'tialerts to a potential impending rear-end
collision. Thus, the rate of true alerts was aldo8tcrash-imminent alerts per 10,000 km
traveled. Based on a sample of “closing” evetis analysis of ACC autobraking in response to
a lead vehicle decelerating ahead showed that AGECslow to disengage the automatic brakes
after the ACAS-equipped vehicle is no longer clgsimon the lead vehicle; the median time
delay for ACC to release the brakes in this sitratwas about 2 seconds. Based on survey data,
acceleration authority and deceleration authofityhe ACC were rated at an average of 4.46 and
3.85, respectively (1= too fast and 7= too slowe majority of FOT subjects rated very
favorably the capability of the DVI in conveyingear information.
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Safety Impact

The safety benefits analysis assessed the safpaicirof ACAS in three areas using FOT
objective data: exposure and response to drivingicts at four different intensity levels,
involvement in severe near-crashes, and unintecolesequences. This safety analysis focused
on ACAS as an integrated package of FCW and ACQ dahnot attempt to separate ACC and
FCW effects because the two functions were coupléde FOT vehicle and will typically be
bundled together in production vehicles. Sepaatdyses of FCW and ACC functions were
conducted by the University of Michigan Transpoa@atResearch Institute and General Motors.
Subjects experimented with the ACAS during the fiesv days the system was enabled,
attempting to trigger crash-imminent alerts. Tfseff the influence of ACAS experimentation,
the safety impact was assessed by comparing grerésrmance between the ACAS-Disabled
test period and the second half of the travelethdce during the ACAS-Enabled test period.
The ACAS reduced exposure to all driving conflieigding to rear-end crashes by 8-23 percent
under the following conditions: daylight, clear wear, moderate traffic, freeways, or vehicle
speeds greater than or equal to 35 mph. Moredwegas estimated that ACAS reduced
exposure to lead-vehicle-decelerating conflictd by26 percent at speeds greater than or equal
to 35 mph. There was also a 29-46 percent reduatiexposure to lead-vehicle-stopped
conflicts at speeds between 25 and 35 mph, and Jpe&ent reduction at speeds greater than or
equal to 35 mph. There were very few differenoedriver response initiation and response
intensity betweemvith andwithoutthe assistance of ACAS conditions once a driviowflect

was encountered.

ACAS, as an integrated system of FCW and ACC fomneti has the potential to prevent about 10
percent of all rear-end crashes based on projectiat combine FOT data with GES crash
statistics. The 95 percent confidence lower ameupounds of system effectiveness are
respectively 3 and 17 percent, resulting in a redoof approximately 133,000 and 687,000
rear-end crashes in the United States annuallgsé& projections of safety benefits are
conservative estimates and a “best guess” givendhee of data collected during this FOT.
About 63 percent of these predicted safety benafésattributed to a decrease in exposure to
driving conflicts at speeds greater than or equ&5 mph. In this speed range, FOT subjects
traveled about 54 and 42 percent of all VDT in A@AS-Enabled test period respectively with
FCW and ACC.

ACAS also reduced the exposure to severe nearasaglring the FOT by 10-20 percent.

Severe near-crashes were defined by a minimumtoreedlision of less than 3 seconds and a
peak deceleration level by the host vehicle of @/8g. Analysis of video episodes triggered by
crash-imminent alerts showed that the system nhigh¢ prevented a crash, near-crash, or heavy
braking by the host vehicle in 28 episodes. Naot@mded negative consequences were observed
by examining travel speed, time headway, distractmd eyes-off-the-road. Long-term,

positive or negative, safety effects were not eat@ld due to the nature of the FOT.

Driver Acceptance

The driver acceptance analysis addressed the fiolpfive objectives based on survey and
numerical data: ease of use, ease of learningepert value, advocacy, and driving

XXili



performance. Driver acceptance findings suggesixad response to the FCW system by FOT
participants as a group. Just under half of theeds said that they “probably” or “definitely”
would consider purchasing FCW and three-fifthshef ¢lder drivers said they would “probably”
or “definitely” purchase FCW. Using a more refirtedhnique to estimate the FCW purchase
likelihood, results show that just over one-quactethe drivers actually would purchase FCW
assuming 100 percent system availability and 100goe feature awareness. The data also
indicate that, when FCW alerted drivers to acthedats, their opinion of the FCW system was
more positive. However, drivers did not experiem@ny actual threats. The more tentative
opinions may result from receiving false alerts thare deemed excessive, and/or recurring.
About 41 percent of the subjects stated that theyldvhave used an on-off switch to turn off
FCW crash alerts, if it had been available.

In general, drivers viewed ACC very positively désgxpressing concerns about its ungainly
acceleration and braking, as well as some degraaagrtainty about brake light activation to
alert vehicles behind. The purchase likelihooAGIC was estimated at 44 percent, assuming
100 percent system availability and 100 perceritifesawareness.

Lessons Learned and Recommendations

System Design

Generally speaking, the FCW function of ACAS inaies state-of-the-art sensor technologies
for short-term deployment plans (1-2 years). Havewnproved signal processing and threat
assessment algorithms would enhance FCW alerteffiby better recognition of slower lead
vehicles transitioning from the path of the hodtigke to out of its path. This event generated
numerous unnecessary crash-imminent alerts dunm§®T, and even forced the ACC to
automatically brake in response to lead vehiclésngxthe freeway. Stationary out-of-path
targets were the greatest source of false crashAemhalerts. The disregard of stationary
(never before seen moving) objects by the thresgsssnent algorithm would increase system
credibility and driver acceptance since false atatonthese objects would be removed.

The analysis of crash-imminent alerts also showatihcreasing the threshold to activate FCW
over 25 mph would not make any significant impacfalse and nuisance alerts (> 50%
reduction). To boost driver acceptance of FCWhatexpense of some limited safety benefits, it
is recognized that a trade-off must be made betwk®hrates and the speed threshold and
sensitivity of FCW. The ACAS incorporated many sygiems to identify the path of the host
vehicle, and track and select targets at long migthe path of the host vehicle. One of these
subsystems is GPS/GIS mapping to help identifyptite of the host vehicle and make in-path
target selection; though it is not clear that thesture had a significant impact on crash-imminent
alerts. It is recommended that human factors testsonducted to obtain user feedback on the
usability of some of the HUD icons presented to FDbjects by the ACAS. This
recommendation is based on qualitative commentermgd-OT subjects during debriefings and
focus group meetings. It should be noted that tycautionary and crash-imminent alert icons
of FCW were tested prior to building the pilot vabifor the FOT. Survey and subjective data
from FOT subjects and system characterizationd&ist suggest that even better acceptance of
ACC would be achieved with improved automatic aealon and deceleration characteristics.
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The results of the independent evaluation suggasgimal acceptance of FCW and better
acceptance of ACC as well as some positive safeligators (e.g., less exposure to driving
conflicts and severe near-crashes with ACAS) traatant deployment at least at low-level
market penetration.

Additional research may be necessary to reduce &ld nuisance alerts of FCW and to enhance
the timing of crash-imminent alerts for mid-ternpblgyment plans (2-5 years). Proceeding with
further FCW enhancement activities may depend conessful results (driver satisfaction, units
sold, and positive safety impact) from short-templdyment and good market penetration
levels. The recognition of the driver state woatghrove FCW alert timing, ranging from low
complexity to identify the location of driver faf@cing forward or sideways), medium
complexity to track the eyes of the driver, to hagimplexity to measure the cognitive load of
the driver. This research could build on currdfares undertaken in the SAVE-IT program.
Another FCW improvement might be using digital irmggocessing of the forward scene to
discern objects that the radar is tracking, whieghtreduce the rates of crash-imminent alerts
due to stationary out-of-path targets.

Vehicle to vehicle communication could improve foevard-looking sensing capability of
FCW for long-term deployment plans (greater thae&rs). This research would build upon
prior work in vehicle safety communications by ash Avoidance Metrics Partnership, and
would call upon lead vehicles to transmit informatabout their state to following vehicles,
given wider deployment of FCW in the vehicle fledte transmission of relevant information
about the lead vehicle such as its dynamic staeged in traffic, moving at constant speed,
decelerating, or accelerating), brake initiatiamj &alue of its acceleration/deceleration might
improve the timing of crash-imminent alerts, theducing the rates of “too late” alerts
(increasing crash prevention potential) as weft@s early” alerts (decreasing nuisance alert
rate). It should be noted that this current ACASneates the value of lead vehicle
acceleration/deceleration in support of the timafgprithm. Proceeding with such system
improvement activity might depend on significantrked penetration rates of FCW in the
vehicle fleet during the next five to 10 years.

FOT Design

Future FOTs of crash avoidance systems shoulduevad many subjects as possible given the
limited number of instrumented or equipped vehieled FOT duration. The use of more
subjects (greater than 66 participants) might imerihe estimates of distributions for the
different measures of performance and might inerexposure to the various driving conditions.
Given the scope of this type of FOTSs, using 12Qexib would be feasible if each subject had an
instrumented vehicle for a test period of threeksethe FOT scope would then amount to 360
car-weeks. This scope is less than the ACAS F@Ttttaled 369 car-weeks from testing the
three versions of ACAS algorithms. The three-wissk period might be sufficient based on the
conflict exposure results of the ACAS FOT, using tlefined measures of low-and high-
intensity conflict and near-crashes adopted ingli@uation. One week would be dedicated to
baseline data collection and two weeks would becated to driving with enabled crash
countermeasure systems. One week with the systabiesl would be devoted to subjects
becoming familiar with the system. To limit thepeximentation and learning period of the
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system to less than one week, it is recommendedtigects be trained for a time period
slightly longer than in the ACAS FOT (extended tiwdour hours of driving accompanied by a
researcher). Driver performance with the systeraldvbe observed in the second week of the
system-enabled period. The analysis would therpemendriver performance without the system
in the first baseline week to driver performancéhwine system in the third week. In contrast,
increased exposure (e.g., having some FOT sulggptrience the system for a prolonged
period of time, such as six to eight weeks) wolvs to increase the number of close calls and
raise the likelihood of the driver experiencing-ash-imminent alert perceived as “highly
valuable”. This alternative would significantlyatease the number of FOT subject<lQ)

given the scope of this type of FOTSs, unless meseurces were dedicated to expanding the
FOT. Moreover, it is uncertain whether the proleti@xposure time<(8 weeks) would result in
more close calls.

Based on driving exposure results of the ACAS Foiure FOT subject recruits should be high-
mileage drivers since the test period is relatigflgrt given the cost of instrumented vehicles.
The more mileage accumulated the more exposureviogl conflicts, which affects the analysis
of safety impact. This recommendation, howevenldoeduce the generalizability of the
findings since it would exclude a portion of thaexgeal public who drive less mileage, such as
the older population. This trade off should beHar examined. To ensure that they accumulate
as much mileage as possible, subjects should tieettaand pulled out of the FOT if they do not
use the equipped vehicle, realizing that this actvould add a cost to the logistics of running the
FOT. Subjects should remain in the three age groggresenting the younger driver between 20
and 30 years old, the middle-age drivers betweesrdi(60 years old, and the older between 60
and 70 years old. It would also be helpful to uedfFOT subjects who usually have travel
patterns under driving conditions that are targétethe crash countermeasure systems. For
instance, rear-end crash countermeasures addmedisi@as of moderate to heavy traffic and
more following vehicle situations while on the atlhand, lane departure warning systems target
drivers who are most likely tired (nighttime comaiits) or inattentive on long trips typically with

a low level of traffic. In addition, subjects “a@sk” should be recruited based on information
derived from crash data or studies about drivetsgiier involvement in crashes targeted by the
countermeasures (e.g., younger drivers with maaffidrviolations).

Crash countermeasure functions dealing with sinoijexamic scenarios should be treated in
separate vehicles in the FOT if the objectiveefROT were to evaluate each function
individually. It was difficult to isolate the effés of ACC from FCW in the ACAS FOT since
these two functions were integrated by design.

Additional tests are recommended to supplemendaie collected from the FOT. Due to the
limitations of data used in the analysis of safeygefits, a test track or driving simulator
experiment to gauge the response of subjects ereeviving conflicts or near-crashes with and
without assistance by the crash countermeasurekiWwewneeded. This type of experiment
would generate data about the swiftness of reaatnohintensity of response to these severe
events, which feed into the safety benefits estomagquation. This was a weakness in the
ACAS FOT as subjects rarely encountered eventswdre nature under similar initial
conditions. This experiment could be a part ofdbsign and development cycle to improve
system performance. To avoid a false start oFtb& that led subsequently to three phases of
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testing in the ACAS FOT, it is recommended thatnals FOT be conducted with few subjects
prior to the regular FOT in a similar test periodry out all the data collection instruments and
logistics, a dress rehearsal for the FOT. In amldithe independent evaluation should plan on a
longer duration of the system characterizationttesbllect data under different driving
conditions (i.e., in rain or snow or different frafconditions).

The analysis of unintended consequences in this\wé&sllimited to short-term exposure with
the system. Short-term test periods (few weeks)adgield comprehensive information on
driver adaptation with the system, thus risk conspéion behavior would not be easy to detect.
Results of the safety assessment don’t conveyymay the long-term, positive, or negative,
safety effects of ACAS. Perhaps few FOT subjeotddbe selected to drive a test vehicle for a
longer time period to assess long-term effectystiesn use. Longer exposure periods (months
or years) could be accommodated if the subjectsi w@hicles were equipped with less
expensive crash countermeasure and data acquisysbems, which would of course yield
better data to examine driver adaptation and palesdfety benefits. A higher degree of system
acceptance might be achieved if drivers were abéxperience the full capability of the crash
countermeasure system in a near-crash event. ohhadceptance rate of FCW was due perhaps
to many subjects not experiencing true alerts matdobus or imminent rear-end crash events
during the ACAS FOT. Longer exposure (months-yeaith the system might improve the
acceptance of FCW.

FOT subjects quickly became familiar with the opieraof a new vehicle (2002 Buick LeSabre
in the ACAS FOT) based on the number of conflicta@ar-crashes encountered per distance
traveled. However, a past study indicates thaedsi might learn quickly to operate a new
vehicle in normal driving situations but might tdkager to appreciate its capability in intense
evasive maneuvers. Thus, it is recommended thgecis experience heavy braking or steering
maneuvers during the training stage of the FOTetmne acclimated to the new vehicle.

To gain a better understanding of the potentiatgdienefits that can be accrued from ACAS
use, it is recommended that the FCW threat assessigorithm be applied to real-world rear-
end crashes already recorded in a naturalistiendyistudy. The ACAS issues crash-imminent
alerts that were sometimes deemed “too late” by B@ijects. This is done by design to
minimize the rate of nuisance alerts. The appbcabf the algorithm to rear-end crash data
would help estimate how many of these rear-enchesathe ACAS may have prevented.

FOT Data Analysis

Based on the results of data analysis to assesatiy impact of ACAS, it is recommended that
improved filtering processes be applied to iderdifiying conflicts and near-crashes, and filter
out low risk conflicts. The analysis of the ACA®TF numerical data limited the conflict
duration to at least one second to capture meanidgiing events of the host vehicle closing in
on a lead vehicle. Perhaps a longer minimum duratiould have filtered out events in which
the lead vehicle was cutting in or out of the hadticle’s path. Moreover, counting a driving
conflict in the ACAS FOT once the peak deceleratiarpassed the 0.1g threshold resulted in
many driving conflicts and near-crashes where theedresponded with very low average
braking levels. An additional filter might assigrtertain time duration in which the peak

XXVii



deceleration must remain over 0.1g. Low-risk dotdglwith very low deceleration levels dilute
the response with and without ACAS assistance, lwaftects the comparison between the
baseline and treatment conditions. In additioaluding too many conflicts of low-risk nature
adds to the complexity of the analysis.

Visual filtering steps could also be used to filbeit low-risk conflicts from numerical FOT data,
which would add more labor effort to sort conflicigt. In addition, continuous recording of the
forward scene would be needed at higher frame odtasleast 2 Hz or 2 images per second
instead of 1 image per second in the ACAS FOT f(dtien triggered events); this would add to
the amount of stored data. Finally, this evaluatised Monte Carlo simulations to estimate the
probability of a crash given an encounter with eciic driving conflict. Use of direct
mathematical techniques to estimate the probatufiy crash is recommended, such as the
application of crash prevention boundary techniguestatistical distributions from extreme
value theory.
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1. INTRODUCTION

1.1 BACKGROUND

This report presents the results of an indepenelaaitation of the Automotive Collision
Avoidance System. The ACAS integrates Forwardi€ioh Warning and Adaptive Cruise
Control functions for light vehicles (e.g., passencars, vans, minivans, sport utility vehicles,
and light trucks). The FCW detects, assessesalents the driver of a potential hazard in the
forward region of the vehicle. The ACC providesomoatic brake and throttle actuation in order
to maintain speed and longitudinal headway contféirough the integration of these two
functions, theACAS is intended to improve automotive safety bsistgg drivers to avoid rear-
end crashes. To accomplish this goal, the ACAStimlss prove useful and acceptable to
drivers.

NHTSA explores new automotive technologies to lalpieve its mission of saving lives,
preventing injuries, and reducing health care ahdrceconomic costs associated with motor
vehicle crashes. As part of this research effditT SA entered into a two-phased cooperative
agreement, signed in June 1999 with General M@&orgporation to develop and test ACAS
(Colgin, 1999).

In the first phase, GM developed ACAS in partngyshith Delphi Electronics and Safety,
Delphi Chassis Systems, and Hughes Research LabporddHTSA, GM, DES, and DCS each
supported the project by providing funds. GM arelS)formerly Delphi-Delco Electronics
Systems) were the founding members of the Autorad@ivllision Avoidance System
Development Consortium that completed a cooperativeement with NHTSA and the Defense
Advanced Research Projects Agency in 1998 as p#red echnology Reinvestment Project
(Intelligent Transportation Systems Joint Prografinc®, 2000) (Delphi-Delco Electronic
Systems, 2000). The goals of that initial develepheffort were to accelerate the deployment
of near-term crash warning systems, to advancdeiielopment of promising but immature
enabling technologies, and to reduce manufactwisgs of key system components.

The second phase of the cooperative agreement &retMid TSA and GM involved an extensive
field operational test of 10 GM-built passengeriekds equipped with ACAS. The University

of Michigan Transportation Research Institute, urwmmtract to GM, provided extensive support
in the development and conduct of the FOT. The ST was conducted between March
2003 and November 2004. UMTRI, under a previousemgent with NHTSA, conducted a
similar FOT of the Intelligent Cruise Control syst¢hat ended in 1998 (Fancher et al., 1998).
The ICC is similar to ACC except speed controldkiaved via throttle modulation and
downshift, without the use of automatic brakingheTVolpe National Transportation Systems
Center of the U.S. DOT’s Research and Innovativehiielogy Administration, under agreement
with NHTSA, provided an independent evaluation@tland prepared a final evaluation report
that assessed the safety impact, performance,ssrchaceptance of such a system (Koziol et al.,
1999). The Volpe Center, again under agreemeht MHTSA, has performed a similar
independent evaluation of ACAS, taking full advaetaf the knowledge and expertise gained in
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the prior ICC evaluation. This report documentsrisults of the Volpe Center’s independent
evaluation of ACAS.

1.2 FIELD OPERATIONAL TEST OVERVIEW

Generally, an FOT and an evaluation are conduatéatd a system is deployed to project or
confirm that the system will have, or has achietkd,required operational capabilities and
characteristics when placed in service (Stever3; Hd Reynolds, 1996). The FOT and
evaluation are normally conducted in the intendeerational environment, under realistic
operating conditions on a production-representaygtem by typical users. The FOT and
evaluation measure the acceptability to the usepaoject potential impacts on safety, mobility,
and the environment.

The ACAS FOT was conducted by UMTRI on 10 vehid¢tesn March 2003 to November 2004
(University of Michigan Transportation Researchitnge and General Motors, 2005). The FOT
took place primarily in Michigaralthough some driving extended beyond this rafges

original FOT plan specified a total of 78 driveosgarticipate in the FOT. Early results from the
FOT, however, required some modification to the R@Torrect for deficiencies in ACAS.
Drivers of the initial system expressed an unaai@ptlevel of dissatisfaction with the number
of false alarms or “nuisance alerts” produced lgysystem. To improve performance of the
system, the original Algorithm A was replaced witlo subsequent revisions, Algorithm B and
Algorithm C. A total of 30 drivers were involvedtivtesting Algorithms A and B before the
final Algorithm C was implemented. Algorithm C wisted using a total of 66 drivers. Thus, a
total of 96 subjects were eventually employed snFOT to test the three versions of the
warning algorithm. The independent evaluationaisdal on Algorithm C since it represents the
final, improved ACAS.

The FOT subject pool included three age groupsngeu middle-age, and older) with equal
numbers of male and female drivers. Table 1-1 shine breakdown of subjects according to
their age and gender.

Table 1-1. FOT Subject Pool

Subjects
Younger (20-30) | Middle-Age (40-50) | Older (60-70) szﬁfé‘lts
Male Female | Male Female Male| Femalg
11 11 11 11 11 11 66

Each of the 66 FOT subjects drove the ACAS-equipgdticle (host vehicle) as their personal
cars for a test period of four weeks, unsupervasatiunrestricted. For each subject, the first
week of driving was dedicated to collecting baselilniving data, i.e withoutthe assistance of
the ACAS (system not available). In the first wele®T subjects drove with manual control and
also had the option of using conventional cruisgrd (CCC). During the next three weeks,
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driving was performedvith the assistance of the ACAS. During that periothjexts drove the
FOT vehicles with either manual control or manuaitcol augmented with the FCW function,
and they also had the option of engaging ACChdiugd be noted that drivers could not turn off
the FCW function during the FOT. Prior to startthg test, FOT participants were introduced to
the ACAS-equipped vehicle as well as the FCW andAdhctions and controls via a 17-minute
training video. The participants were then givdraads-on overview of the vehicle and ACAS.
The driver vehicle interface was demonstrated flardfeach participant the opportunity to
observe the FCW warning icons and ACAS-state messhgfore experiencing them in real
traffic. Afterwards, a researcher from UMTRI acqmanied the participant on a 20-minute test
drive and included both local roads and expresswaydrivers were exposed to the FCW as well
as being able to engage the ACC on the expressway.

Drivers’ experiences were captured by means ofctibge data collected by the on-board data
acquisition system and subjective data obtaineu fpost-FOT surveys as well as focus groups.
The DAS collected and stored objective numericéh,dadeo clips, and audio recordings.
Numerical data were continuously gathered fromotarisensors at a 0.1 seconds time interval
when the FOT vehicle was in use. A microphoneuwapkaudio recordings to recover the
driver's immediate reaction to a warning or thekldtwereof if the driver manually turned on the
microphone. Crash imminent alerts issued by th&8@iggered the recording of 10-Hz 8-
second video clips (from five seconds prior todhest to three seconds after) showing the
forward scene of the host vehicle and the facésalniver. Exposure video was also recorded to
capture one snapshot of the forward scene eveondeand 4-second 5-Hz video of the driver
face at five-minute intervals.

In addition to the FOT, additional data were cdblecfrom the system verification test as
discussed in Section 3, System Capability.

1.3 AUTOMOTIVE REAR-END CRASH AVOIDANCE SYSTEM

The ACAS consists of both FCW and ACC functionisTsection provides an overview of the
characteristics and functions of these two systisaisare most significant to the ACAS
evaluation (see

Table 1-2). The reader is referred to the finalA8J-OT program report for a more
comprehensive description of the ACAS (General Muta005). A suite of sensors supports the
functions of the two systems and comprises a coatioim of vehicle original equipment
manufacturer (OEM) sensors with forward-lookingaigdorward-looking camera, differential
global positioning system (DGPS) with map matcherg) a yaw-rate sensor. Table 1-3
provides a list of the OEM vehicle sensors, swisclaad controls. The radar measures range,
range-rate, and azimuth angle to a maximum of dfeta from 1 to 150 meters (3 to 492 feet)
with a sampling frequency of 10 Hz. The maximumizental field of view of the radar is 15
with an azimuth angle accuracy of 9.&zimuth discrimination (between two targets thageat
the same speed) i$,2and the vertical beam width is 4.1The GPS/map and forward-looking
camera systems determine the lane geometry ahdhd AICAS vehicle from 15to 75 m (49 to
246 ft). In general, the GPS/map is relied upardonger-range shape, while the camera lane
tracker is used for shorter-range details suctoas\vehicle heading and lateral position within
the lane and the local curvature. The system ptesésual information to the driver by means
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of a color head-up display. The HUD projects aagmon the windshield, which subtends a
visual angle of 1.5vertical and 3.Dhorizontal. The apparent size of the image is@pmately
3"x5” at the instrument panel or windshield; howeviee, virtual image appears at the front
bumper and looks much larger.

1.3.1 Forward Collision Warning Function

The FCW function provides visual cautionary alevten following within a driver-adjustable
headway time, when following very closely (tailgefj, or when approaching a vehicle too
rapidly (closing). Cautionary alerts are presemntsdally to the driver in a graded scale by
vehicle icons on the HUD. For closing situatioR€W issues a final imminent alert that
consists of both a flashing visual display (HUDY@&am auditory warning (vehicle speaker). In
contrast to cautionary alerts, the timing of theniment alert is not adjustable by the driver.
These alerts assist drivers in avoiding or redutinegseverity of rear-end crashes. FCW is
enabled when the vehicle ignition is turned on, eaxthot be disabled by the driver. This
function does not activate until the speed of thst ehicle exceeds 25 mph (40 km/h) and will
remain active until the vehicle slows to below 20{32 km/h). The range of the warning
function is set to a maximum of 100 m (328 ft) amtimited on curves with a radius of

curvature below 500 meters (1,640 feet). The diwam adjust the sensitivity of the visual
cautionary alerts with a six-setting sensitivityustiment control. The factors that determine
when to issue a crash-imminent alert include, lotifimited to, range and range rate between the
host and lead vehicles, host vehicle speed, lehdleeacceleration, and host vehicle brake pedal
press. The HUD provides a graded visual displayiiflects the degree of the closing gap
between the host vehicle and the lead vehicle basede FCW sensitivity setting. The most
sensitive setting of FCW produces the most cautjoalkerts because FCW responds to the host
vehicle closing in on obstacles ahead at farth&tadces with lower range rates.

1.3.2 Adaptive Cruise Control Function

The ACC function maintains both a selected crupeed (speed control mode) when there is no
lead vehicle limiting its forward motion, and aesgbd headwagheadway control mode) with a
lead vehicle that is traveling slower than the cel@ cruise speed. The driver is provided with
the following ACC control switches:

- Cruise on-off

- Set/coast (decrease set speed in 1-mph steps)

- Resume/accelerate (increase set speed in 1-rap$) st
- Gap up (1-2 seconds in 0.2-second increments)

- Gap down (1-2 seconds in 0.2-second increments)

The headway adjustment control consists of sixrdiscsteps that vary from a minimum of one
to a maximum of two seconds. This same contral s¢gs the desired cautionary alert timing of
the FCW function when ACC is not engaged. The A€€éngaged by the driver and becomes
active when the speed of the host vehicle excegash. At first ACC engagement at the start
of the second week, the initial headway settirggisto the maximum value. In headway control
mode, the ACC can slow the host vehicle by thra@gtplication or brake to pace a lead vehicle
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Table 1-2. Characteristics of ACAS

Rear-End Crash Warning (FCW) Adaptive Cruise Control (ACC)
FCW provides drivers of the ACAS vehicle| ACC maintains both aelectectruise speedvhen there is no
with alerts and advisory displays that assist lead vehicle limiting its forward motion andsalected

Functions them in avoiding or reducing the.sevefity of headwaywith a lead vehicle that is traveling slower thha t

crashes between the front of their vehicle ansklected cruise speed.

the rear of a lead moving or stationary

vehicle (rear-end crashes).

e FCW: s in "enable" mode when vehicle «  ACC has a speed control mode and a headway control
ignition is turned on. mode when active above 25 mph.

< FCW turns ON when host vehicle speed  ACC in headway control can slow the host vehicle to
exceeds 25 mph and turns OFF when the pace a lead vehicle moving slower than the setdspee
speed falls below 20 mph. Once vehicle speed is below 20 mph, the driveleiged

»  Driver can't disable FCW. to take manual control of the vehicle.

e Other conditions controlling FCW *  ACC accelerates the host vehicle when the driver
"enable" and "disable" modes are specified manually accelerates above 25 mph and initiates the

Modes by system designers. resume functiowr theset speed function

* Range of warning function is 100 m. | «  ACC does not respond to stopped vehicles ahead by

* FCWincorporates a head-up display |  automatically applying the brakes — unless thepsdp
that shows the headway-following distante yenicle was at one time being tracked as a movirtcle.
in terms of vehicle icons on the windshield,  \yhen ACC active, warning algorithm takes into actol
to help drivers maintain driver-preferred | 6 praking that ACC can provide (maximum brakingi3
headways. g). Animminent alert is issued if ACC maximum kiray

of 0.3¢g level is reached.

«  Driver can adjust FCW sensitivity e Standard cruise controls and a headway selectidnhsw
(cautionary alert range) using the same | «  Six headway settings from 1.0 sec to 2.0 sec irs82
ACC headway setting control. increments.

Controls | ©  Priver can_notdjust the timing of the | «  ACC may be over-throttled by the accelerator pedal.
crash-imminent alert (contrary to +  ACC goes testandbymode by manual braking.
cautionary alerts)

e Driver cannot disable system with the
sensitivity adjustment control.
Color Head-Up Display (HUD)
e Crash warning displayprovides * ACC on-off
cautionary visual and crash-imminent +  Setspeed
visual and auditory alerts. «  Current speed
. Following distance displayprovides a | » Gap setting

DiSplayS visual indicator that supports the driver in « ACC Operationana”ed message
maintaining a Safe distance beh|nd Iead . Tracking/not tracking a |ead Vehic|e
vehicles.

* FCW Operational/Failed message
«  Beyond operational conditions message
e Cautionary alert sensitivity setting
* Radar (tracks up to 15 targets from a range 0£30-m)
e Forward-looking camera
Sensors | « Differential GPS and map-matching
*  Yaw-rate
*  Vehicle OEM sensors

moving slower than the set speed. Once vehicledsfadls below 20 mph, the driver is alerted
to take manual control of the vehicle. The ACCdoet respond to stopped vehicles ahead —
unless the stopped vehicle was initially beingkeacas a moving vehicle. The maximum
automatic braking capability of the ACC is limitexl0.3g (2.9 mA). The brake lights of the



host vehicle turn on when vehicle brakes are autically applied. The ACC goes into a
standby mode when the brakes are manually appliee. ACC automatically accelerates the
host vehicle when the driver manually accelerabes@ 25 mph and initiates the resume
function or the set speed function. The ACC fumtissues an imminent warning if the
maximum automatic braking of 0.3g level is reach#¢hen ACC is engaged, the driver does
not receive visual cautionary alerts.

Table 1-3. OEM Vehicle Sensors, Switches, and Caals

Brake pedal switch - Windshield wiper setting
Extended brake switch - Road surface roughness
Brake pressure - Compass heading
Lateral acceleration - Rain

Steering wheel angle - Outside temperature
Yaw rate - HVAC controls

Wheel speeds - Audio controls

Throttle position - Headlight switch position
Turn signal status - PRNDL

1.4 INDEPENDENT EVALUATION

The Volpe Center conducted the independent evaluafithe ACAS based on data collected
from the FOT and from an independent system cheniaation test. The independent evaluation
had the following three major goals:

1. Characterize ACAS performance and capability.
2. Achieve a detailed understanding of ACAS salfetyefits.
3. Determine driver acceptance of ACAS.

The independent evaluation sought to address these goals to support the decision process in
the deployment of crash avoidance systems. Thed&Dé&rated objective data gathered by on-
board data acquisition systems and subjectiveatztaned from test subject interviews, surveys,
and focus group sessions. The system characterizast acquired data on the performance of
ACAS sensors from controlled, predetermined on-roades. Next, the goals and concomitant
objectives of the independent evaluation are datege This is followed by a description of the
numerical data processing, data analysis toolsaaatysis databases.

1.4.1 Evaluation Goals and Objectives

1.4.1.1 System Capability

The system capability goal addresses ACAS perfocmbéiy examining its individual
components including the sensor suite (objectivalg)t logic (objective 2), ACC controls
(objective 3), and driver-vehicle interface (objeet4). The sensor suite objective focuses on
the ability of the forward-looking sensing componendifferentiate in-path and out-of-path
targets, and to maintain in-path target trackindomking at intermittent and lost targets. The
alert logic objective assesses the efficacy of AGA®arn the driver of driving conflicts that
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may lead to rear-end crashes, and determines thanue level from alerts triggered by out-of-
path targets and warnings considered unnecess&@mbysubjects. The analysis of the sensor
suite and alert logic objectives was based onrttvidual examination of video episodes
triggered by the crash-imminent alert, charactéonaest data, and FOT surveys. The ACC
controls objective concentrates on the ability @@to maintain set headways and to perform
vehicle acceleration and deceleration under dynaomditions, using data from the system
characterization test and FOT surveys. The dnrediicle interface objective looks into the
visibility, audibility, and readability of the ditgys as experienced by the FOT subjects based
exclusively on survey data.

1.4.1.2 Safety Benefits

The safety benefits goal assesses the safety irnpACAS in three areas using FOT objective
data: driving conflicts (objective 1), severe neashes (objective 2), and unintended
consequences (objective 3). The driving conflatigective examines both the exposure and
response of FOT subjects to the most common sasnl@ading to rear-end crashes, which
involve the host vehicle closing in on a lead vihaither stopped, moving at slower constant
speed, decelerating, or accelerating. This objedstimates ACAS effectiveness in reducing
driver exposure to driving conflicts under diffetelniving conditions including ambient light,
weather, road type, traffic state, and travel spdedaddition, ACAS effectiveness in reducing
the probability of a rear-end crash is also eswahdtased on Monte Carlo simulations for each of
the common pre-crash scenarios, using represen@dita of the initiation and intensity of driver
response to these driving conflicts. The seveag-omsh objective examines driver exposure
and response to severe near-crashes with and withmassistance of ACAS, based on
numerical data and video episodes triggered byhaéraminent alerts. The unintended
conseqguences objective explores whether or not A@AfBt have an impact on safety either in
a positive or negative manner by examining increéasattention by FOT subjects (distraction or
eyes-off-the-road) using video episodes, and changermal driving performance using
numerical data of time headway, vehicle lane pmsjtand travel speed with and without ACAS.

1.4.1.3 Driver Acceptance

The driver acceptance goal addresses the follofiwegbjectives based on survey and
numerical data: ease of use, ease of learningepert value, advocacy, and driving
performance. The ease of use objective examinethwhdrivers find FCW and ACC easy to
use in a variety of driving conditions. The eakkarning objective examines whether drivers
are able to learn, in a timely and effective manaesough about ACAS functions to accept the
system. The perceived value objective exploreshenarivers perceive that using FCW and
ACC increase their safety and/or driving skillsheTadvocacy objective looks at whether
sustained exposure to and use of FCW and ACC sasullrivers’ interest in acquiring and/or
endorsing FCW and ACC. The driving performancescotiye examines whether FCW and ACC
use leads to lasting changes in driving behavior.

1.4.2 Data Processing

The FOT generated a massive amount of objectiwa tiztaling about 120 GB of numerical data
and 230 GB of video data. The identification oé&fic driving scenarios and assignment of
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concomitant safety hazard levels from this huge dat poses an immense challenge. Figure 1-1
illustrates the framework that was used to proeesksanalyze the FOT data (Najm et al.,
December 2003). This framework consists of fodadiaansition steps that transform the raw
data into aggregated data of significant confliad aear-crash events so as to facilitate data
guery and analysis. The first step employs nurakdata processing algorithms to smooth and
parse raw FOT data of naturalistic driving into {agk, conflict, and near-crash events. The
second step identifies significant epochs in th&let and near-crash events from parsed data
by using a multi-media data analysis tool. Thedtstep codes significant conflict and near-
crash events into discrete variable database.labhstep queries the database using SQL or
SAS programs to aggregate data from conflict araa-neash events in a manner that facilitates
finding answers to the evaluation questions.

Figure 1-2 provides the block diagram of the predbat implements the first transition step of
the data processing framework. The circular bloeksr to the input data that were drawn from
the radar (target or lead vehicle information)yeéhicle sensors, and the geographical
information system (GIS) database. The rectandutanks point to the algorithms and their
respective data summary tables that were creattdaated to the independent evaluation
database. The dotted boundary lines of the reatanglocks refer to tables containing 10-Hz
numerical data, while the solid boundary lines espnt tables with transitional data. The
contents of each of these tables are describeavbelo

— Host vehicle maneuvegoing straight, negotiating a curve, turning, ahdnging lanes.

— Host vehicle statestopped, constant speed, decelerating, and aatete

— Driving state none, following, closing, and separating (betwkest and lead vehicles).

— Lead vehicle statenone, stopped, constant speed, deceleratinga@serating.

— Lead vehicle categorgame as lead vehicle state, but in transitioorahét.

— Lead vehicle evensame as lead vehicle category, except that dyisiate is closing.

— Driver/vehicle responsenone, slowdown, slowdown and lane change, slowdamd turn,
brake, brake and lane change, brake and turn, @kiebautobrake and lane change,
autobrake and turn, lane change, and turn.

In addition to the tables listed above, the follegviransitional tables were created to identify the
driving environment and driving mode of the hosticke:

— Ambient light light and dark.

— Weather clear, rain, and snow.

— Road typefreeway and non-freeway.

— Traffic or level of servicdow, moderate, and heavy.

1.4.3 Data Analysis Tools

To support the independent evaluation, the Volpet&eleveloped the following data analysis
tools:

— Computer Simulation - Monte Carlo models are usegktimate the ability of ACAS to
prevent rear-end crashes, given that a rear-enftictdras occurred.
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GPS/GIS Location Algorithm — This algorithm geodragally locates the FOT vehicles
during testing so as to identify characteristicthef roadways they are driving on.
Traffic State Identification Algorithm - This algtrm identifies the state of traffic in
terms of the level of service on roadways thathth&t vehicles are driving on during the

FOT.

Multimedia Analysis Software - A software prograrasrdeveloped to integrate
numerical data with video clips in order to analgkert-triggered episodes captured
during the FOT. Figure 1-3 provides a snapshth®imulti-media data analysis tool that
was developed to analyze video data in suppofietiata processing framework. This
tool synchronizes two sets of video (forward scame driver face) and two sets of
numerical data (in-vehicle sensors and radar). ildew was also created in the middle
of the screen to simulate the HUD and warning icaviereover, a data logger was built
in Access for the analysts to record their obs@aat This tool was exclusively
employed to analyze all 10-Hz video episodes trigddy crash-imminent alerts. This
activity resulted in the formation of the episoddalbase described below.

Databases - A main FOT database was built and aiaét to store and manage the data
collected from the FOT and additional evaluatistde The data consist of objective data
(e.g., numerical and video data) as well as subgdata (e.g., surveys). The data
processing of the 350 GB FOT database also produfed summary databases that
were queried to address the goals and objectivdgeahdependent evaluation. These
include:

(0]

Conflicts-Brakedatabase of driving conflicts and near-crashescaésted with
brake-only driver/vehicle response. It encompadsés on driver, trip, driving
mode, conflict type and intensity level, FCW sdugit and ACC gap settings, road
type, ambient light, weather, traffic, host vehisfeeed and acceleration, response
data such as initiation time and intensity, minimtimme-to-collision and minimum
deceleration during the event, and kinematic dath &s range, range rate, lead
vehicle deceleration, and time-to-collision.

Conflicts-Steedatabase similar to the conflicts-brake databbegeg except events
associated with steering and steering-braking resgoare included.

ACAS Settinglatabase on distance traveled with each settidgetting changes in
driving modes, road type, and traffic states.

HUD database on HUD brightness and position conttthgechanges in driving
modes, road type, ambient light, and weather cranmdit

Performancedatabase on time headway, speed ratio (vehickdégeeed limit),

and lane position of host vehicle in cruise moddriging modes, road type, and
traffic states.

Episodedatabase from alert video episodes consistingmtia range of variables
about the conditions of the driver, traffic, envineent, and alerts.
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2. ACAS EXPOSURE

2.1 INTRODUCTION

An important element of the evaluation is an exatiam of driver exposure to key factors that
might influence safety performance and user acoeptaf ACAS. The exposure assessment
determines where and under what conditions paantgof the FOT used the ACAS-equipped
vehicles, both when ACAS was disabled (week 1)when it was enabled (weeks 2, 3, and 4).
These exposure results will provide a detailed migtson of the FOT driving environment that
will assist in the interpretation of safety andruseceptance results. Furthermore, these results
will help in determining if:

- the quantity of data describing exposure to leeydrs is sufficient for valid analysis,

- exposure to key factors is sufficiently repreaéiie between data sets (e.g., driving with
and without ACAS) so that valid comparisons betwenaise sets can be made, and

- differences in exposure to key factors are afffigatesults rather than ACAS itself.

The key exposure factors analyzed include thevioilg (more detailed definitions of these
factors will be provided in the subsections below):

- Road Type: Freeways and non-freeways

- ACAS Status: ACAS-Disabled and ACAS-Enabled

- Driving Mode: Manual 1 and CCC during the ACASaliled test period and Manual 2,
FCW, and ACC during the ACAS-enabled test period

- Driver Age: Younger, middle age, and older

- Driver Gender: Female and male

- Weather: Clear and adverse

- Ambient Light: Light and dark

- Traffic Level: Low, moderate, and heavy

- Vehicle Speed: Less than 25 mph (40 km/h), 25 to@b mph (56 km/h), and greater
than or equal to 35 mph

- ACAS Usage Patterns: Level of ACC Use, FCW SaiitSettings, and ACC Gap
Settings

It should be noted that the “ACAS Status” factders to whether ACAS is enabled or disabled,
whereas the “Driving Mode” factor points to the gifie driving status selected within ACAS-
Disabled (i.e., Manual 1 or CCC) or ACAS-Enabled.(iIFCW, ACC, or Manual 2). The
exposure results presented below are based ormata®btained from 66 subjects (numbers 31
through 96) who were assigned to ACAS Algorithmebieles during the FOT.
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2.2 EXPOSURE BY ACAS STATUS, DRIVING MODE, AND VEHICLE SPEED

The FOT subjects drove a total of about 163,00@lknng the FOT. Due to data collection
problems, some of the data acquired for this ditthnce traveled were not valid for purposes of
the evaluation. Two of the main reasons for irdvdita were failure of the DAS to collect data
for one entire trip and the “frozen” sensor phenoameduring part of a trip. Thus, the analysis
was conducted on data collected only for trips Werte classified as “valid.” A trip starts with
vehicle ignition turned on and ends with ignitiamrted off. In a few trips, the DAS failed to

boot up and record data for the whole trip. Dusoge trips, recorded values of some sensor
parameters were frozen (not updated) for a brigbgeof time.

Based on valid trip data, FOT subjects drove d tftabout 158,000 Km, which represents
about 97 percent of the vehicle distance traveleaiT() for the entire FOT. The ACAS-Disabled
test period covers all driving during the first e the FOT when the ACAS system was not
available to the driver. The ACAS-Enabled tesiqeecovers all driving during the second,
third, and fourth weeks of the FOT when the ACAStemn was available to the driver. The
distribution of VDT is about 36,000 km (23%) foetACAS-Disabled test period and 122,000
km (77%) for the ACAS-Enabled test period. Thus)sidering that the duration of the ACAS-
Enabled test period is three times that of the AdASabled test period, the level of driving
(VDT per week) during the two test periods is altrexpuivalent.

The number of valid trips made by FOT participamés 1,965 and 6,155 trips for the ACAS-
Disabled and ACAS-Enabled test periods, respegtivEhe average distance of these trips was
18.4 km and 19.8 km respectively for the ACAS-Dledland ACAS-Enabled test periods. The
average trip frequency (trips/week) and the avedigfance of these trips are equivalent
between these two test periods.

The distribution of VDT among the driving mode®ipressed below both as distance (rounded
to the nearest 1,000) and percent of total FOTnitrs driven:

— Manual 1: 29,000 km or 18 percent of total VDT
— CCC: 7,000 km or 5 percent of total VDT

— Manual 2: 13,000 km or 8 percent of total VDT
- FCW: 64,000 km or 41 percent of total VDT

— ACC: 44,000 km or 28 percent of total VDT

Manual 1 includes “manual” driving during the ACABsabled test period when CCC was not
being used. CCC driving mode encompasses all G@g@gement during the ACAS-Disabled
test period. On the other hand, Manual 2 includasual driving during the ACAS-Enabled test
period when FCW function was not available and A€4€3 not engaged. FCW driving mode
includes all driving during the ACAS-Enabled testipd when FCW function was active and
ACC was not engaged. It should be noted that FGWetfon becomes active when host vehicle
speed reaches 25 mph (40 km/h) and becomes inadtiee host vehicle speed falls below 20
mph (32 km/h). Moreover, FCW is suspended duriradibng by the host vehicle. ACC driving
mode comprises all distances traveled during thA®«Enabled test period when ACC was
engaged.
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Figure 2-1 shows the distribution of VDT by drivingpde for the ACAS-Disabled and ACAS-
Enabled test periods separately. In comparingethes periods, it should be noted that Manual
1 driving is roughly equivalent to the sum of Mah&2and FCW driving since FCW is
involuntarily active for all driving above 25 mpRWithin this context, the two periods are
similar; however, it can be seen that ACC is endagere extensively than CCC in their
respective test periods. Overall, the ACC usatgeisa’6 percent greater than CCC or, stated
differently, ACC is used about 1.8 times more t@&C. By comparison, the usage rate of the
intelligent cruise control (ICC) system that wastéel in the mid 1990’s was about 1.5 times
more than CCC (Fancher et al., 1998) (Koziol et1#199). It is noteworthy that the ICC system
did not possess any automatic braking control aitjhdut maintained a selected distance to the
vehicle ahead using throttle and downshift controls

CCC
21%

Manual 2
11%

Manual 1
79%

ACAS-Disabled ACAS-Enabled

FCW
53%

Figure 2-1. Percent Distance Traveled of Driving Mdes by ACAS Status

Figure 2-2, Figure 2-3, and Figure 2-4 show thé&itistion of VDT by driving mode and

vehicle speed range. These particular speed ramges interest since ACAS function is
dependent on speed and the safety impact analysesgondingly considered these speed
ranges. Below 25 mph (40 km/h), the dominant dguinode is Manual 1 during the ACAS-
Disabled test period and Manual 2 during the ACAfdited test period with the minor
exception that FCW is sometimes active for a spattion of driving between 20 and 25 mph.
Above 35 mph (56 km/h), driving with ACAS-Disabledsplit between Manual 1 (76%) and
CCC (24%). On the other hand, driving with ACAS&bled is split predominately between
FCW (54%) and ACC (42%). A small amount of Man2aise is seen above 35 mph reflecting
brief periods of ACAS suppression. ACC, as welC&C, are engaged almost exclusively at
speeds above 35 mph. For speeds between 25 m@bangh, Manual 1 remains the most used
driving mode during the ACAS-Disabled test peridailera mix of Manual 2 (26%) and FCW
(73%) driving modes dominates the distance travelethg the ACAS-Enabled test period.
Overall, about 84 percent and 87 percent of all V\B3pectively during the ACAS-Disabled and
ACAS-Enabled test periods were accumulated at leebeeds greater than or equal to 35 mph.
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Figure 2-3. Distribution of VDT by ACAS-Disabled Driving Mode and Speed Range
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Figure 2-4. Distribution of VDT by ACAS-Enabled Driving Mode and Speed Range

2.3 EXPOSURE BY ACAS STATUS, DRIVING MODE, AND ROAD TYPE

FOT subjects drove about 85,000 km on freewaysaodt 72,000 km on non-freeways,
accounting respectively for 54 percent and 46 perceoverall VDT during the FOT. Freeways
encompass interstate highways and all other dividadways with posted speed limits of 55
mph (89 km/h) or greater. Non-freeways includeotiiler roadways. The total amount of
distance traveled on each of these two Road Typsgsiilar with slightly more on freeways

During the ACAS-Disabled test period, FOT subjebtsve about 18,000 km on freeways and
17,000 km on non-freeways. On the other hand, E@jects drove 66,000 km on freeways and
54,000 km on non-freeways during the 3-week ACASited test period. As noted above,
considering the duration of the two test periolds,level of driving (VDT/week) is similar for

the two periods. Figure 2-5 further shows the Isinty between the two ACAS Status test
periods in terms of percent distance traveled g tgpe. Thus, at this aggregate level of
analysis, differences in road type exposure shoatdnfluence safety or user acceptance results.
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Figure 2-5. Percent Vehicle Distance Traveled by ACAS Statusnd Road Type

Figure 2-6 and Figure 2-7 further describe therithstion of VDT respectively for the ACAS-
Disabled and the ACAS-Enabled driving modes by typd. The breakdown of the distance
traveled in CCC between freeways and non-freewsaggial to that of ACC. CCC and ACC
use is predominately on freeways — 85 percentl ®@T in each control mode. This appears to
be a reflection of the fact that freeways offeragee opportunities for use of CCC or ACC in an
environment of higher speeds and fewer trafficrigsdns. Figure 2-7 shows that the Manual 2
driving mode is used predominately on non-freewalsis is reasonable since Manual 2 driving
primarily occurs at speeds less than 25 mph. F@Whd represents most of the non-ACC
driving at speeds greater than 25 mph and is $fighdre prevalent on non-freeways than
freeways. In comparison with Figure 2-5 for ovefaLAS-Enabled test period (freeway driving
slightly more than non-freeway driving), this FC®éult is reasonable since ACC use will tend
to diminish the use of FCW use on freeways.

Figure 2-8 and Figure 2-9 break down the VDT oevirays and non-freeways by ACAS-
Disabled and ACAS-Enabled driving modes, respelgtiv®nly one third of VDT on freeways
is driven with CCC during the ACAS-Disabled testipé. In contrast, a major portion of
freeway driving (56%) is performed using ACC durthg ACAS-Enabled test period. As for
non-freeway driving, the relative VDT with ACC isite that of CCC. As seen in Figure 2-9,
FCW is active in 66 percent of the non-freeway V&sTopposed to only 42 percent of the
freeway VDT.
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Figure 2-9. Percent VDT (ACAS-Enabled) by Road Type and Mode

2.4 EXPOSURE BY ACAS STATUS, AGE, AND GENDER

This section presents a detailed examination obsuye by the following FOT subject group
categories of age and gender:

- Younger Male, Younger Female

- Middle-Age Male, Middle-Age Female
- Older Male, Older Female

- All Male, All Female

- All Younger, All Middle-Age, All Older
- Al
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Driver Age categories are defined as follows:

- Younger - Drivers between the ages of 20 andez0sy
- Middle-age — Drivers between the ages of 40 dhgéears.
- Older — Drivers between the ages of 60 and 7fsyea

Figure 2-10 displays the distribution of valid VIadr the entire FOT by age and gender
categories. The older male and older female grdupge slightly longer distances than the
younger and middle-age groups; however, all gralipge comparable distances (the maximum
distance group drove only 24 percent further tgnnbinimum distance group).
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Figure 2-10. Total VDT by Age and Gender Categorge

Figure 2-11 presents the distribution of valid VByfACAS Status (ACAS-Disabled or
Enabled) for the various subject group combinatiohise older female group drove the least
distance with ACAS disabled whereas the older gedeip drove the most distance with ACAS
disabled. All groups drove roughly similar distascthus, at this aggregate level of analysis,
differences in overall driving exposure betweenectigroups should not influence safety or
user acceptance results.
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Figure 2-11. Percent VDT by ACAS Status and Age ahGender Categories

Figure 2-12 and Figure 2-13 illustrate the disttidnu of valid VDT by age and gender in the
ACAS-Disabled and ACAS-Enabled test periods, rettpalg. The older male group drove the
most with 22 percent of the ACAS-Disabled VDT wlar¢he older and middle-age female
groups drove the least with 14 percent each. ota VDT with ACAS-Disabled was also
distributed as follows:

- 55 percent by all male group and 45 percent bigalale group, and

- 34 percent by all younger group, 30 percent bynaddle-age group, and 36 percent by
all older group.

Older Female Younger Male
14.1% 17.0%

Older Male Younger Female
22.3% 16.8%
Middle Female Middle Male

14.0% 15.7%

Figure 2-12. Percent VDT with ACAS-Disabled by Agand Gender
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In the ACAS-Enabled test period, the older fematmug drove the most with 20 percent of the
VDT whereas the younger female group drove the ledk 15 percent. This VDT was also
distributed as follows:

- 49 percent by all male group and 51 percent bigalale group, and
- 31 percent by all younger group, 31 percent bynaddle-age group, and 38 percent by
all older group.

Younger Male

Older Female 16.0%

19.9%

Younger Female
15.1%

Older Mal
17.8%

Middle Male

Middle Female 15.6%
15.5%

Figure 2-13. Percent VDT with ACAS-Enabled by Ageind Gender

2.5 EXPOSURE BY DRIVING MODE, AGE, AND GENDER

This section presents a detailed examination obsuye by the 12 age and gender categories to
the different driving modes. Figure 2-14 showsasye, during the ACAS-Disabled test

period, to the driving modes of Manual 1 and CQ®erall, the subjects drove 21 percent of the
ACAS-Disabled VDT with CCC. As the figure showsete are some large differences in the
use of CCC among the groups. The older male gtdooye 43 percent of their VDT using CCC,
the highest rate among the groups. The lowesteusdg was among the middle-age female

group.
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Figure 2-14. Percent VDT for ACAS-Disabled DrivingModes by Age and Gender

Figure 2-15 and Figure 2-16 provide more detailistridutions of valid VDT by age and gender
for Manual 1 and CCC use, respectively. For manaatrol driving, Figure 2-15 shows that the
highest usage rate was among younger males, at 89@ercent. All the groups showed
relatively minor variations in manual control usagée VDT in manual control was also
distributed as follows:

- 52 percent by the all male group and 48 percgiié all female group
- 38 percent by the all younger group, 33 percgribb all middle-age group, and 29
percent by the all older group.

Older Female I
13.2% Younger Male

19.1%

Older Male
15.9%

Younger Female
18.5%

Middle Female
16.1%

Middle Male
17.2%

Figure 2-15. Percent VDT for Manual Control (ACASDisabled) by Age and Gender
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For CCC driving as shown in Figure 2-16, a notaltiservation is that the older male group
drove considerably more in CCC (47% of the VDT )tlaay of the other groups, which is
consistent with the observation above (see Figtiré)2hat older males had the highest
proportion of CCC versus manual control drivinheTVDT in CCC with ACAS-Disabled was
also distributed as follows:

66 percent by the all male group and 34 percetié all female group
19 percent by the all younger group, 16 percgribb all middle-age group, and 65
percent by the all older group.

Older Female Younger Male
17.7% 9.2%

Younger Female
10.3%

Middle Male
10.0%

Middle Female
6.0%

Older Male
46.9%

Figure 2-16. Percent VDT for CCC (ACAS-Disabled) i Age and Gender

Figure 2-17 shows exposure, during the ACAS-Enatdstperiod, to the Manual 2, FCW, and
ACC driving modes. Overall, during the ACAS-Enabtest period, all subjects drove 36
percent of the VDT with ACC. As noted above, ttositrasts with only a 21 percent usage rate
for CCC. As the figure shows, there are some ldifferences in the use of ACC among the
groups. The older female group drove 54 percetitef VDT using ACC, which is the highest
rate among the groups. Although all groups shoavethcrease in ACC use compared to CCC
use, the younger male group had the largest inerdd$so to 38%). The older drivers, in
general, used ACC the most (51%); middle-aged siused ACC the least (22%). The lowest

usage rate was among middle-aged females (15%@.mEmual control (Manual 2) use rate was

very similar among all groups.
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Figure 2-17. Percent VDT for ACAS-Enabled DrivingModes by Age and Gender

Figure 2-18, Figure 2-19, and Figure 2-20 provideerdetailed distributions of valid VDT
(ACAS-Enabled) by age and gender for ACC, FCW, iathual 2 use, respectively. For ACC
driving, the highest usage rate was among oldealiesmat about 29 percent. The VDT in ACC

was also distributed as follows:

54 percent by the all male group and 46 percgité all female group, and

27 percent by the all younger group, 20 percgrihb all middle-age group, and 53

percent by the all older group.

Younger Male
16.7%
Older Female

29.4%

Younger Female
10.1%

Middle Male
14.0%

Older Male

3 5% Middle Female
. 0

6.3%

Figure 2-18. Percent VDT for ACC (ACAS-Enabled) byAge and Gender
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Figure 2-19 shows the distribution of FCW VDT byamnd gender. This total FCW VDT was
also distributed as follows:

- 46 percent by the all male group and 54 percgihé all female group, and
- 33 percent by the all younger group, 38 percgrhb all middle-age group, and 29
percent by the all older group.

Older Female Younger Male
14.3% 15.5%

Older Male
14.4% Younger Female

18.0%

Middle Female Middle Male
22.0% 15.8%

Figure 2-19. Percent VDT for FCW (ACAS-Enabled) byAge and Gender

Figure 2-20 presents the distribution of VDT in mahcontrol (Manual 2) by age and gender.
This VDT was also distributed as:

- 52 percent by the all male group and 48 percgihd all female group, and
- 33 percent by the all younger group, 35 percgrhb all middle-age group, and 32
percent by the all older group.

Older Female Younger Male
15.9% 16.1%

Older Mal
15.8%

Younger Female
17.6%

Middle Female

14.8% Middle Male

19.8%

Figure 2-20. Percent VDT for Manual Control (ACASEnabled) by Age and Gender



2.6 EXPOSURE BY RELATIVE USE OF ACC VERSUS CCC

Figure 2-21 shows the relative exposure of subjectsCC and CCC use expressed as a ratio of
ACC to CCC VDT. Overall, the use of ACC by the F&lbjects is 1.8 times higher than CCC,
that is; the percent of ACAS-Enabled VDT with AC8eus 1.8 times greater than the percent of
ACAS-Disabled VDT with CCC use. As seen in Figf21, the greatest increase in ACC use
over CCC use was seen in the younger male group.
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Figure 2-21. Relative Use of ACC Compared to CCCyoVDT

2.7 EXPOSURE BY ACAS STATUS, DRIVING MODE, ROAD TYPE, AGE, AND
GENDER

As noted above, the proportion of VDT between the ACAS Status test periods by road type
was very similar. Figure 2-22 and Figure 2-23 edtthis analysis to include age and gender.
As indicated in Figure 2-22, the proportion of @y on non-freeways by males and females is
the same between the two ACAS Status test peribtddes and females also have about the
same proportion of distance traveled, 52 percanifales and 48 percent for females. Driving
on freeways shows a minor variation in this pattdfemales drove proportionately more than
males for the ACAS-Enabled test period (53% ve#dsi¥%) whereas females drove slightly less
than males for the ACAS-Disabled test period (43¥sus 57%).
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Figure 2-22. Percent VDT by ACAS Status, Road Typeind Gender

As indicated in Figure 2-23, the proportions ovdrg by road type and by age are relatively
uniform between the two ACAS Status test periddsgeneral, older drivers tended to drive
slightly more on freeways than non-freeways, whetha opposite is apparent for middle-age

and younger drivers.
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Figure 2-24 shows the distribution of VDT for ACASwabled driving modes by road type and
gender. The proportion of ACC driving is nearlyabbetween males and females (males
slightly more) for both freeways and non-freeway$ie proportion of FCW driving is similar
between males and females on non-freeways but ésnhalve a higher FCW usage rate on

freeways. Manual control (Manual 2) driving isafsearly equal between males and females for
both road types.
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Figure 2-24. Percent VDT by ACAS-Enabled Driving Mbdes, Road Type, and Gender

Figure 2-25 shows the distribution of ACAS-Enabl\daT by road type and age. In addition to
the patterns discussed above for gender, Figutesh@ws that, regardless of road type, older
drivers generally use ACC the most, followed byryger drivers and middle-age drivers. The
proportion of FCW driving is similar between ageups for both road types. Manual control is
also about equally divided between the age groompisdth Road Types.
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Figure 2-25. Percent VDT by ACAS-Enabled Driving Mbdes, Road Type, and Age

2.8 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND

WEATHER

Figure 2-26 presents the distribution of VDT by AE Status, age, gender, and weather.
Weather was classified as either clear or adverskeermined by activation of the windshield
wipers. The proportion of driving for clear andracse weather by the various ACAS Status,
age, and gender categories is very similar. Ireg@nall categories are close to the average of
92 percent of all driving in clear weather.
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Figure 2-26. Percent VDT by ACAS Status, Age, Gerd, and Weather
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Exposure data for driving by weather were examinetther for various driving modes. In
general, the same patterns as shown in Figure@@e@iled. The results are summarized
below:

- Manual control (Manual 1), ACAS-Disabled:
0 91 percent of this driving is performed in clearatvesr:
= 51 percent by all males and 49 percent by all fesyand
= 36 percent by all younger, 34 percent by all mieatie, and 30 percent by all
older
0 9 percent of this driving is performed in advers=ather:
= 62 percent by all males and 38 percent by all fesyand
= 48 percent by all younger, 29 percent by all mieatie, and 23 percent by all
older

- CCC, ACAS-Disabled:
0 94 percent of this driving is performed in clearatvesr:
= 64 percent by all males and 36 percent by all fegyand
= 19 percent by all younger, 16 percent by all mieatie, and 65 percent by all
older
0 6 percent of this driving is performed in advers=ather:
= 96 percent by all males and 4 percent by all femalad
= 34 percent by all younger, 10 percent by all mieatie, and 56 percent by all
older

- Manual control (Manual 2), ACAS-Enabled:
0 91 percent of this driving is performed in clearatvesr:
= 51 percent by all males and 49 percent by all fesyand
= 34 percent by all younger, 34 percent by all mieatie, and 32 percent by all
older
0 9 percent of this driving is performed in advers=ather:
= 54 percent by all males and 46 percent by all fesyand
= 33 percent by all younger, 42 percent by all mieatie, and 25 percent by all
older
-  FCW, ACAS-Enabled:
0 90 percent of this driving is performed in clearatyeer:
= 45 percent by all males and 55 percent by all fesyand
= 34 percent by all younger, 37 percent by all mietie, and 29 percent by all
older
0 10 percent of this driving is performed in adversather:
= 51 percent by all males and 49 percent by all fesyand
= 33 percent by all younger, 41 percent by all mietie, and 27 percent by all
older

- ACC, ACAS-Enabled:

0 96 percent of this driving is performed in clearatyeer:
= 54 percent by all males and 46 percent by all fesyand
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= 27 percent by all younger, 20 percent by all mietie, and 53 percent by all

older

0 4 percent of this driving is performed in advers=ather:
= 67 percent by all males and 33 percent by all fesyand

= 19 percent by all younger, 36 percent by all mietie, and 44 percent by all

older

Figure 2-27 and Figure 2-28 break down the VDTIl@acand adverse weather by the driving
modes of ACAS-Disabled and ACAS-Enabled test petiogispectively. About 21 percent of
the VDT in clear weather was accumulated by the @8@ng mode during the ACAS-Disabled
test period, as opposed to 38 percent of clearhgeatDT by ACC during the ACAS-Enabled
test period. ACC usage rate was also higher tf@@ @ adverse weather VDT. During the
the relative VDT with FGWadverse weather was higher than in

ACAS-Enabled test period,

clear weather due to the lower usage rate of AC&tlirerse weather.
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Figure 2-27. Breakdown of VDT by Weather and Drivhg Mode with ACAS Disabled
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Figure 2-28. Breakdown of VDT by Weather and Drivhg Mode with ACAS-Enabled

2.9 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND
AMBIENT LIGHT

In the ACAS-Disabled test period, FOT subjects dra@,000 km in lighted conditions and
10,000 km in the dark, accounting respectively®percent and 27 percent of all VDT in this
period. By comparison, in the ACAS-Enabled tesiqak subjects drove 90,000 km in lighted
conditions and 32,000 km in the dark, comprisirgpeetively 74 percent and 26 percent of all
VDT in this period. Ambient light was classified either light or dark as determined by the
photo sensor in the host vehicle that automati@adtivates the headlights when it gets dark
outside. The proportion of driving for light andréd by the two ACAS Status test periods is very
similar. About 74 percent of all driving is penfioed during lighted conditions.

Figure 2-29 shows the distribution of VDT for ACASsabled driving modes by ambient light.

The proportion of driving by light and dark is nigadentical between Manual 1 and CCC
driving.
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Figure 2-29. Percent VDT by ACAS-Disabled DrivingMlodes and Ambient Light

Figure 2-30 shows the distribution of VDT for ACASwabled driving modes by ambient light.
The proportion of driving by light and dark is nigadentical between Manual 2, FCW, and
ACC driving. These distributions are also veryitamo the ACAS-Disabled driving modes.
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Figure 2-30. Percent VDT by ACAS-Enabled Driving Mbdes and Ambient Light

Figure 2-31 shows the distribution of VDT for ACA$atus, age, and gender by ambient light.
The proportion of driving by light and dark is vesiynilar for gender and age, with two minor
exceptions: comparing driving with ACAS-Enabledstes ACAS Disabled, younger drivers
tended to drive slightly less during light conditso(69% versus 65%) and older drivers tended to
drive slightly more during light conditions (84%rsgas 79%).
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Figure 2-31. Percent VDT by ACAS Status, Age, Gerd, and Ambient Light

Figure 2-32 shows the distribution of VDT for ACAS-Enabledidg modes, age, and gender
by ambient light. The proportion of driving within the gended age groups is quite similar
between the driving modes. The largest difference is widmrafes, who drove ACC slightly
more during lighted conditions (81%) than FCW (75%) and MbRa{76%). Between groups,
the use patterns are very similar, but show a progressionintr@ased proportion of ACAS use
during lighted conditions from younger (about 65%) to meddbout 72%) to older (about 84%)
(see also Figure 2-31).
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Figure 2-32. Percent VDT by ACAS-Enabled Driving Mdes, Age, Gender, and Ambient
Light

Figure 2-33 and Figure 2-34 break down the VDT in lighted arldaarditions by the driving
modes of ACAS-Disabled and ACAS-Enabled test periods, casply. About 20 percent of
the VDT in lighted conditions was accumulated by the CCOrdyitnode during the ACAS-
Disabled test period, as opposed to 37 percent of light VDTG during the ACAS-Enabled
test period. ACC usage rate was also higher than CCC in dark Y2Dfing the ACAS-Enabled
test period, the relative VDT with FCW in dark conditions wigkér than in lighted conditions
due to the lower usage rate of ACC in the dark.
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Figure 2-33. Breakdown of VDT by Ambient Light andDriving Mode with ACAS
Disabled
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Figure 2-34. Breakdown of VDT by Ambient Light andDriving Mode with ACAS-
Enabled

2.10 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND
TRAFFIC

This section presents the distribution of VDT by ACAS Stallusing mode, age, gender, and
traffic Level. Traffic level is classified as low, moderateheavy. The Traffic level
classifications are determined from FOT data based on h@addateristics, vehicle speed, and
vehicle target counts using the Traffic State Identifasatilgorithm. This algorithm, developed
specifically for the ACAS evaluation, approximates the Le¥&ervice as defined by the
Highway Capacity Manual. Low traffic corresponds to seriggels A and B, Moderate traffic
to C and D, and Heavy traffic to E and F. A more detailed desuripfithe Traffic State
Identification algorithm can be found in thisference (Koopmann and Najm, 2003)

During the ACAS-Disabled test period, FOT subjects drove:

24,000 km or 67 percent of VDT in low traffic
10,000 km or 27 percent of VDT in moderate traffic
— 1,000 km or 3 percent of VDT in heavy traffic

— 1,000 km in unknown level of traffic

During the ACAS-Enabled test period, the subjects drove:

— 84,000 km or 69 percent of VDT in low traffic

— 33,000 km or 27 percent of VDT in moderate traffic
— 4,000 km or 3 percent of VDT in heavy traffic

— 1,000 km in unknown level of traffic

2-26



The proportion of driving by traffic level between the two A& Status test periods is very
similar. About 69 percent of all driving distance is travetebbw traffic, 27 percent in
moderate traffic, and only about 3 percent in heavy traffiee r€kative small amount of travel
in heavy traffic will likely diminish the statistical rebdity of ACAS safety impacts analyses for
heavy traffic.

Figure 2-35 shows the distribution of VDT for ACAS-Enableitidg modes by traffic level.

The proportion of driving in low traffic increases and cep@ndingly decreases in moderate and
heavy traffic as the driving mode transitions from Manual B&W to ACC. This indicates that
meaningful analyses of ACC driving in heavy traffic are kel

O Unknown B Low O ModerateO Heavy‘
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Figure 2-35. Percent VDT by ACAS-Enabled Driving Mbdes and Traffic Level

Figure 2-36 shows the distribution of VDT for ACAS Status, age gemder by traffic level.
The proportion of driving by traffic level is very similarfgender and age between ACAS-
Enabled and ACAS-Disabled test periods. Traffic level shthdrefore not introduce any bias
in comparisons between the two ACAS Status periods.
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Figure 2-36. Percent VDT by ACAS Status, Age, Gerd, and Traffic Level

Figure 2-37 shows the distribution of VDT for ACAS-Enableidg modes, age, and gender
by traffic level. The proportion of driving within the genderd age groups is quite similar for
each driving modes. As noted above, however, for all driveipgrdbe proportion of driving in
low traffic increases with use of ACC. Conversely, most dgiwnheavy traffic is performed in
Manual 2. Figure 2-37 also shows that ACC use in low traffiogisdst among younger drivers

ACAS Disabled

Male ‘ Female‘ Younger‘ Middle‘

Older

Male ‘

(81%) and lowest among middle-age drivers (72%).
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Figure 2-37. Percent VDT by ACAS-Enabled Driving Mbdes, Age, Gender, and Traffic
Level

Figure 2-38 and Figure 2-39 break down the VDT in traffic lelglthe driving modes of
ACAS-Disabled and ACAS-Enabled test periods, respectiveélgC use accounted for 23
percent and 13 percent of the VDT in low and moderate tragfpectively. In contrast, ACC
accounted for 40 percent and 30 percent of the VDT resplgatMew and moderate traffic.
Thus, ACC use was relatively higher than CCC in moderatéctrdduring the ACAS-Enabled
test period, the relative VDT with FCW in moderate traffic Weshighest among the three
traffic levels.
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Figure 2-38. Breakdown of VDT by Traffic Level andDriving Mode with ACAS Disabled

2-28



O Manual 2m FCW OACC

100% 29

9 24% 30%

= 80% 40%

e

<

()

>

o 60%

|_

()

(8]

c

8 40% -

R0

a

()

3] 20% 43%

G 28%

> 11%
% (]

0% 9%
Unknown Low Moderate Heawy

Figure 2-39. Breakdown of VDT by Traffic Level andDriving Mode with ACAS-Enabled

2.11 EXPOSURE BY ACAS USAGE PATTERNS
2.11.1 Distribution of FCW Sensitivity Settings

2.11.1.1 Distribution of FCW Sensitivity SettingsPeriod 3 versus Period 4

Figure 2-40 illustrates the breakdown of VDT with FCW durimg ACAS-Enabled test period

by FCW sensitivity settings. The most sensitive setting, $ouated for the highest FCW

VDT among the six FCW sensitivity settings. At this setting] BObjects would have
experienced the highest rate of visual cautionary alectsuise FCW responds to the host vehicle
closing in on obstacles ahead from farther ranges with lcamgye rates. It should be noted that
FCW sensitivity setting does not affect the crash-imminkent eate (simultaneous flashing

visual and auditory tone). The other two dominant settings %8 and S1 (S1 - least sensitive
setting). At the least sensitive setting of FCW, FOT subjectdditave experienced the least
rate of visual cautionary alerts because FCW responds hm#teehicle closing in on obstacles
ahead from closer ranges with higher range rates.

To investigate the effects of ACAS learning and experimemathen FOT subjects start to
drive with the assistance of FCW and ACC functions, the ACA&bEed test period was
divided into two periods, Period 3 and Period 4, based on almabishe distance traveled by
each subject in this test period. If the halfway distance fpartcular subject occurred in the
middle of a trip during the ACAS-Enabled test period, thatdrid subsequent trips would then
be placed in Period 4. As a result, Period 3 and Period 4 amoaspesttively to about 58,000
and 64,000 Km. It should be noted that the ACAS-Disabled tesidpeas similarly divided

into two periods, Period 1 and Period 2, to examine driver iyl with a new vehicle as
discussed in Section 4. FCW and ACC usage rates were atlrilegfeectively to 54 percent and
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34 percent of the VDT in Period 3. By comparison, FCW and ACCeusdgs accounted
respectively for 52 percent and 38 percent of the VDT in B&ricACC usage rate in Period 4
was slightly higher than in Period 3 due to more driving onwfags in Period 4. Figure 2-41
shows the distribution of VDT with FCW by FCW sensitivitytsejs for ACAS-Enabled

Periods 3 and 4. The usage patterns for both periods arer suithidhe minor exception that
Period 4 shows slightly less use of S6 and slightly more uS2.ofThe relative similarity of
patterns indicates little modification in setting prefee as subjects became more familiar with
the system. Usage of settings S1, S3, and S6 tends to dominatggests that fewer settings

might be acceptable for most users.
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Figure 2-40. Breakdown of VDT with FCW during ACAS-Enabled by FCW Sensitivity

Settings

2-31



O Period 3@ Period 4

30%
25% 22%

0%

1 1804
20% S 16% 16%
15% bgo

10% P09 P19 8%

0,
5% || 109 i
7%

0%

Vehicle Distance Traveled (%)

S1 S2 S3 S4 S5 S6
FCW Sensitivity Setting

Figure 2-41. Distribution of FCW Sensitivity Settngs, Period 3 versus Period 4
2.11.1.2 Distribution of FCW Sensitivity Settings g Subject Group, Period 4 Only

Figure 2-42 shows the distribution of VDT with FCW by FCW seérigjtsettings and subject
group for the ACAS-Enabled Period 4 only. The results inglicahsiderable differences in
setting preference between subject groups:

- Younger subjects tend to use lower settings (77% of usgh<S& to S3)

- Middle-age subjects tend to use lower settings (72% ofusih S1 to S3)
- Older subjects tend to use higher settings (71% of use¢hsS4ito S6)

- Males tend to use higher settings (61% of use is with S4)to S6

- Females tend to use lower settings (71% of use is with S3)to S

It is not clear why the different subject groups tended tdwaese patterns. Lower settings
result in more critical visual cautionary alerts; howeuesg,dlerts are less frequent. Younger
drivers might prefer the lower settings, as this would allavafmore aggressive style of driving
without frequent occurrence of visual alert icons. Olderedsi might prefer the higher settings
where cautionary tailgating alerts occur at longer heaslyesythis would allow for more
response time to these cautionary alerts. Moreover, thd sisuis might not be too frequent if
the driving style is generally conservative.
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Figure 2-42. Distribution of FCW Sensitivity Settngs by Subject Group, Period 4

2.11.1.3 Distribution of FCW Sensitivity Settings g Road Type and Subject Group, Period
4 Only

Figure 2-43 and Figure 2-44 display the distribution of VDThMACW by FCW sensitivity
settings by subject group for the ACAS-Enabled Period 4 amfyeeways and non-freeways,
respectively. Middle-age drivers are nearly evenly sptivben lower and higher settings on
non-freeways, and the female tendency to use lower settisljghly lessened (65% of use is
with S1 to S3).
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Figure 2-43. Distribution of FCW Sensitivity Settngs for Freeways by Subject Group,
Period 4
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Figure 2-44. Distribution of FCW Sensitivity Setthgs for Non-Freeways by Subject Group,
Period 4

2.11.2 Distribution of ACC Sensitivity Settings

2.11.2.1 Distribution of ACC Sensitivity SettingsPeriod 3 versus Period 4

Figure 2-45 illustrates the breakdown of VDT with ACC durimg ACAS-Enabled test period
by ACC gap settings. The most dominant setting was 2-secoedyéip) accounting for 31
percent of all VDT driven with ACC during the ACAS-Enablestfgeriod. Figure 2-46 shows
the distribution of ACC gap settings for ACAS-Enabled Rixi® and 4. The usage patterns for
both periods are similar with the minor exception that Betishows slightly less use of 2-
second gap setting and slightly more use of 1.2-secondgsefthre relative similarity of patterns
indicates little modification in setting preference agetts became more familiar with the
system. This usage pattern is also similar to that for FCWewenvthe ACC settings tend to be
slightly higher (55% of ACC use is with settings 1.6 and 2 s#woarsus 43% for S4 to S6 with
FCW). As with FCW use, the dominant use of settings S1, S3, and)§éssaithat fewer
settings might be acceptable for most users.
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Figure 2-45. Breakdown of VDT with ACC during ACAS-Enabled by ACC Gap Settings
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Figure 2-46. Distribution of ACC Gap Settings, Paod 3 versus Period 4

2.11.2.2 Distribution of ACC Sensitivity Settings i Subject Group, Period 4 Only

Figure 2-47 shows the distribution of VDT with ACC by ACC gaitirsgs and subject groups
for the ACAS-Enabled Period 4 only. The results indicateiderable differences in setting
preference between subject groups. These differencesmangasized below and are also
compared with the corresponding FCW settings:

- Younger subjects tend to use lower ACC settings (79% asusih 1 and 1.4 seconds
versus 77% for S1 to S3 with FCW)
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- Middle-age subjects tend to use higher ACC settings (§0%eois with 1.6 and 2
seconds versus 28% for S4 to S6 with FCW)

- Older subjects tend to use higher ACC settings (74% ofusih 1.6 and 2 seconds
versus 71% for S4 to S6 with FCW)

- Males tend to use higher ACC settings (51% of use is with 1.@ aeconds versus 61%
for S4 to S6 with FCW)

- Females tend to use higher ACC settings (59% of use is W@ithntl 2 seconds versus
29% for S4 to S6 with FCW)

The pattern of ACC gap settings for the different subjeaiggadends to agree with expectations.
As driver age increases, the gap settings increase. This oalsistent with results from the
ICC evaluation, where it was found that older drivers tendeelect longer time headways
(Koziol et al., 1999). Overall, the male group has a slightly t@ae setting pattern relative to
females, which might be a reflection of a slightly more agivedriving style.

An examination of the differences between the ACC and FCiviggiatterns by middle-aged
and female subject groups provides some possible insightlasir motivations for the FCW
settings selected. Both middle-aged and female groups tiaer flyap/sensitivity settings when
using ACC than when using FCW. This suggests that the motivati lower FCW settings
might be to avoid FCW visual alerts since the ACC gap setititljsate a contrary driving style
that tends toward conservative; i.e., longer headways.
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Figure 2-47. Distribution of ACC Gap Settings by 8bject Group, Period 4

2.11.3 Distribution of ACC Sensitivity Settings byRoad Type and Subject Group, Period 4

Figure 2-48 provides a breakdown of VDT with ACC by gap setiimdjroad type for the
ACAS-Enabled Period 4 only. Higher gap setting4.@4 seconds) were selected on non-
freeways than on freeways. Figure 2-49 and Figure 2-50 showsthbution of VDT with
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ACC by ACC gap settings and subject group for the ACAS-End®éeidd 4 only on freeways
and non-freeways, respectively. The results indicate coabigedifferences in setting
preference between subject groups, but the patterns agesgmitar for the overall results for
Period 4.
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Figure 2-48. Distribution of ACC Gap Settings by Rad Type, Period 4
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Figure 2-49. Distribution of ACC Gap Settings forFreeways by Subject Group, Period 4
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Figure 2-50. Distribution of ACC Gap Settings forNon-Freeways by Subject Group,
Period 4

2.12 SUMMARY OF EXPOSURE RESULTS

A total of 66 subjects drove about 163,000 km during the FOTh &agect had an
instrumented vehicle for a period of four weeks: ACAS washtkslkduring the first week and
later enabled for the following three weeks. About 97 perakthte total VDT or 158,000 km
reflected valid trip data used in evaluation analyses:

— The ACAS-Disabled and ACAS-Enabled test periods comprisguectively 23 percent
(36,000 km) and 77 percent (122,000 km) of the total valid VDT.

— CCC was engaged in 21 percent (7,000 km) of VDT in the ACAShIRiddest period.
On the other hand, ACC was engaged in 36 percent (44,000 km) oirvb& ACAS-
Enabled test period. Thus, ACC use was about 1.8 times more@@mQGerms of
percent of distance traveled. FCW was active in 53 perce@0®4m) of VDT in the
ACAS-Enabled test period. FCW and ACC collectively accaufae89 percent of the
VDT in the ACAS-Enabled test period. The remaining 11 penveng driven in manual
mode at speeds below 20 mph and when FCW and ACC were inagtiveGmph due
to braking by the host vehicle and other disabling fact@atsatfiect system operation
such as dirty radar.

— Older subjects drove the most distance in both test peB6édsercent of VDT in ACAS-
Disabled test period and 38 percent of VDT in ACAS-Enablsidateriod. Moreover,
older subjects were the highest users of cruise controle@@mt of their ACAS-
Disabled VDT and 51 percent of their ACAS-Enabled VDT was@CA However, the
largest ACC to CCC use ratio was observed at 2.6 for youngecsib

— About 84 percent and 87 percent of VDT, respectively, in the &Ohsabled and
ACAS-Enabled test periods were accumulated at vehiclelsggeater than or equal to
35 mph. CCC use comprised 24 percent of the ACAS-Disabled YDihtaspeed range,
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while ACC use accounted for 42 percent of the ACAS-Enabled MQhe same speed
range. CCC or ACC use was only 1 percent of the VDT at vehictelsjielow 35 mph.
About 51 percent and 55 percent of VDT respectively in the 3{Asabled and ACAS-
Enabled test periods were driven on freeways. CCC use cech@3spercent of the
ACAS-Disabled VDT on freeways, while ACC use accounted fquér6ent of the
ACAS-Enabled VDT on freeways. On non-freeways, CCC and ACC gseap
respectively 6 percent and 12 percent of VDT

Over 90 percent of the VDT was driven in clear weather dunedg-OT. CCC was used
in 15 percent of the adverse weather VDT in the ACAS-Disaelstdoeriod, as opposed
to 20 percent of this VDT by ACC in the ACAS-Enabled test perieCW was active in
52 percent of the VDT in clear weather and arose to 68 perctrd ¥DT in adverse
weather due to lower engagement rate of ACC.

Over 73 percent of the VDT was driven in lighted conditionsnduthe FOT. There was
no noticeable change in CCC use rate between lighted andatatitions € 20%).

There was a slight reduction in ACC use rate from 37 percerd®fin lighted
conditions to 32 percent of VDT in dark conditions. As a reB@WV active rate was
slightly higher in dark conditions than in lighted condigo

About 67 percent of the VDT in the ACAS-Disabled test periad driven in low level
of traffic, which was similar to the ACAS-Enabled test pe(@82). CCC use rate
dropped from 23 percent of the VDT in low traffic to 13 peradrihe VDT in moderate
traffic. On the other hand, ACC use rate fell from 40 percend fweBcent of the VDT
respectively in low and moderate traffic levels. Consedyer€W active rate jumped
from 51 percent to 60 percent of the VDT respectively in lovranderate traffic levels.
The most sensitive FCW sensitivity setting, S6, was seleat2d percent of the overall
VDT in the ACAS-Enabled test period. Setting S3 followed gp&2ent of the VDT.
The least sensitive setting, S1, was ranked third at 19 perficérd VDT. During the
second half of the VDT in the ACAS-Enabled test period, S3rbet¢he most widely
selected setting and S6 dropped to second.

The 2-second time gap was the most chosen ACC gap settingn@egdar 31 percent
of the overall VDT driven with ACC, followed in descendinganrdly 1.4- and 1-second
gap settings. During the second half of the VDT in the ACASledatest period, the
same order of gap settings remained except for a lower esefratsecond time gap.
Finally, FOT subjects tended to use higher ACC gap settingsifreeways than on
freeways.
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3. SYSTEM CAPABILITY

The system capability analysis of the independent evaluakiamined the operational
performance of ACAS by addressing its major componentsithdilly, as illustrated in Figure
3-1. Accordingly, this analysis consisted of four objectihed characterize the capability of the
system to either alert the driver in a timely manner andfaly sgutomatic controls when
required. The following highlights the four objectives:

1.

2.

Sensor suite: To characterize the performance of tharfddeoking sensor in rejecting
out-of-path targets, and detecting and tracking closestimtprgets.

Alert logic: To examine the performance of the warningcl@decision-making) in
alerting the driver to driving conflicts that might lead éarend crashes.

Automatic controls: To assess the ability of ACC to mairdgre-set longitudinal
distance to a lead vehicle ahead, particularly the acdeletd deceleration authority
under dynamic driving conditions.

Driver-Vehicle Interface (DVI): To evaluate the cap&pidf the DVI to properly convey
visual and audible information to the driver.

System Capability
l
l l l l
Sensor Alert Automatic Driver-Vehicle
Suite Logic Controls Interface
In-Path/Out-of-Path E Efficacy E Headway E HUD Readability
Target Detection Nuisance Acceleration Sound Audibility

In-Path Target Tracking
HUD = Head-Up Display

Figure 3-1. Analysis Framework of System Capabilit

This analysis employed objective and subjective data fnenrOT, and objective data from a
system characterization test conducted by the indepeadaluiator. Appendix A describes this
independent test that provided supplementary data to neesmme system performance
parameters on different roadway configurations. Table 8td the objectives and sub-
objectives of the system capability goal, data sources, ambotant analyses.

The characterization of the forward-looking sensor suigengxed how well the system rejected
out-of-path targets, and detected and tracked closesthrtgrgets. This analysis was based in
part on observations from 8-second FOT episodes of videousnérital data, which were
triggered by crash-imminent alerts during the ACAS-Dishlaled ACAS-Enabled test periods.
Appendix B describes the data logger and coding instrigctisad to record observations of
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video episodes. In particular, this analysis focused on awustring alert episodes that were
caused by moving in-path and stationary out-of-path tardessa from the system
characterization test were used to determine the rejadtimnof out-of-path targets and the rates
of missed, lost, or intermittent detection of in-path targetsadbition, FOT surveys provided a
subjective evaluation of the missed and false target rgtéseborward-looking sensor suite.

Table 3-1. Data Sources and Concomitant Analyse$ 8ystem Capability

L System
Objectives Sub- FOT Objective Data FONT SEEhTS Characterization
Objectives Data Test
- General characteristics of | - Missed and false | - Late detections
In-path/out- | crash-imminent alerts targets - Out-of-path target
of-path - Analysis of moving in-path rejection
Sensor target target alerts
Suite detection | - Analysis of stationary out-of
path target alerts
In-path - Intermittent
target detections
tracking - Lost tracking
- Crash imminent alert rates | - Timing of FCW
under different driving auditory alert
conditions - Design changes tp
- Driver response (type and | FCW alert timing
Eff reaction time) to crash- setting
icacy o
imminent alerts
- Driver inattention during
. crash-imminent alerts
Alert logic : A
- Mapping of crash-imminent
alert events to near-crashes
- Appropriateness
of alerts
. - Unnecessary
Nuisance
alerts and
unidentified source
of alert
Headway - Design changes tp
maintenance ACC gap setting
_ - ACC autobrake | - ACC response time
Automatic Auto response timing - Autobraking due to
controls : -ACC out-of-path targets
acceleration .
: acceleration/
deceleration .
deceleration
authority
- Drive & see HUD
- See information
Driver- HUD on HUD
: readability - Visual crash alert
vehicle .
. detections
interface ..
- Alert recognition
Sound - Audible alert
audibility detection
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The ability of the alert logic component of the system toeigsaorrect signal (efficacy) was
examined using data from FOT episodes triggered by crasimeniralerts and FOT surveys.
The ACAS issues a “true” signal (warning/autobraking) winenhost vehicle is on a rear-end
crash course with an in-path obstacle (i.e., situations raguarsignal). On the other hand, a
“false” signal is issued in situations not requiring a dignah as out-of-path targets or the host
vehicle not on a collision path with a lead vehicle in its lafiee degree of nuisance generated
by ACAS alerts was qualitatively measured using FOT survBysrers would most likely
perceive out-of-path target alerts as nuisance. Moreovee, positive” signals issued by the
ACAS might also be considered as “nuisance” if drivers stiby judged them as too early or
not necessary.

Subjective data from FOT surveys were used to assess titye @NCC to control a pre-set
headway and apply comfortable braking or accelerationabvdéh transient driving conditions
(lead vehicle braking, cutting in from adjacent lanes, acatihg, or moving out to adjacent
lanes). System characterization test data were employéxgetdively portray ACC response
times to transient driving conditions, and examine autobgaévents in response to out-of-path
moving vehicles.

The ability of the DVI to properly convey system informattorthe driver was qualitatively
evaluated using FOT surveys. In particular, this evaluaéiparted the opinions of FOT
subjects on how well they were able to see the HUD while drivead the displayed
information, and hear auditory alerts from the speaker etidokeih the vehicle dashboard.

3.1 SENSOR SUITE

This section discusses the capability of the forward-lgpkensor suite to discriminate between
in-path and out-of-path targets, and to detect and trackstliospath targets. First, a general
description of FOT crash-imminent alerts is provided sihtediscussion is primarily based on
data from FOT episodes triggered by these alerts. A disouskin-path target detection and
tracking follows. After that, this section deals with the di&d@ and rejection of out-of-path
targets.

3.1.1 General Characteristics of Crash-Imminent Algs

The 66 FOT subjects who drove the ACAS-equipped vehiclésAlgiorithm C received a total
of 980 crash-imminent alerts in both ACAS-Disabled and AG&3bled test periods. A total
of 253 “unheard” crash-imminent alerts or 25.8 percent of lgibthm C alerts were issued
during the first week when ACAS was disabled. The remainidgcvash-imminent alerts were
conveyed to FOT subjects during the subsequent three wiegging when ACAS was
enabled. The majority or 90 percent of these “heard” alectsred with FCW driving mode. It
should be noted that 27 subjects drove ACAS-equipped eshidth Algorithm C embedded
with software containing a bug that unintentionally re=iiih the suppression of ACC alerts
associated with moving targets (University of MichigannBportation Research Institute and
General Motors, 2005). Five more drivers had this flawed soéwmitially but their vehicles
were converted to new, fixed software during their FOT egped. The remaining 34 subjects
drove ACAS-equipped vehicles exclusively with the newvsarfé. Figure 3-2 shows the
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breakdown of crash-imminent alerts by driving mode. Ovelad|FOT subjects experienced
about 0.62 crash-imminent alerts per 100 km traveled. Thisraterwas 0.7 during the ACAS-
Disabled test period, as opposed to 0.6 during the ACAS-Ehtdsdeperiod. Figure 3-3
provides the alert rate for each driving mode.

ACC
7%

Manual +
CCC
26%

FCW
67%

Figure 3-2. Breakdown of Crash-Imminent Alerts byDriving Mode
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Figure 3-3. Crash-Imminent Alert Rates per Distane Traveled by Driving Mode

In-path targets (e.g., vehicles or objects in the path and sameflthe host vehicle) triggered
only 57 percent of all alerts. The remaining 43 percent ofadhcimminent alerts were due to
out-of-path targets (e.g., vehicles or objects in adjacerdltl@nes, objects on the side of the
road, or overhead bridges/signs), and thus considered fatséngs. Moving in-path or out-of-
path targets caused 62 percent of all alerts. Figure 3-4allestthe breakdown of all alerts by
target motion state and location relative to the host vehi&bout 92 percent of these alerts fall
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under two categories: moving in-path targets and statiandrgf-path targets. Some alerts due
to moving in-path targets could be sources of nuisance terdnvho judge that these situations
do not pose any immediate rear-end crash threat.

Moving out-of-

path
7% Stationary out-
of-path
37%
Moving in-patt Stationary in-
55% path

1%

Figure 3-4. Breakdown of Crash-Imminent Alerts byTarget Motion and Location

3.1.2 In-Path Target Detection and Tracking

In-path targets triggered 0.35 crash-imminent alerts per @0aveled. The majority of these

alerts (535), or 0.34 alerts per 100 km, was attributed to meéarggts. As seen in Figure 3-5,

the majority of moving in-path target alerts was triggeredmiboth the host and lead vehicles

were traveling on a straight road. Only 7 percent of thests alere issued when both vehicles
were on a curve.

3-5



90%
80% 87%
70%

60%

% of Alerts

Straight g ljj
rai o c© o
’ In Curve = = L = N
Curve cuve g ¢ 3 &°
Entry . ‘= < &
Exit 5 £ 2 5
& © X
Host Vehicle Location «,z@

Figure 3-5. Breakdown of Crash-Imminent Alerts by Host Vehick Location versus Moving
Target Location

A lead vehicle turning ahead of the host vehicle triggerepeddent of the moving in-path target
alerts, while 10 percent of these alerts involved a lead leethi@nging lanes. On the other
hand, the host vehicle conducting a passing maneuver and ehlamge maneuver caused,
respectively, 7 percent and 4 percent of these alerts. In@@tatash-imminent alerts were due
to host vehicle changing lanes, turning, or passing behinuath moving vehicle. This total
is about 12 percent of all moving in-path target alerts, etpntvéo about 0.04 alerts per 100 km
traveled. Figure 3-6 shows the distribution of moving in-partbet alerts by the host vehicle
maneuver in correlation with the lead vehicle maneuver. hGnasiinent alerts caused by the
lead vehicle changing lanes, turning, or making a left turrsadte path (LTAP) of the host
vehicle accounted for 47 percent of the moving in-path talgets, which is equivalent to about
0.15 alerts per 100 km traveled. Of these, 83 percent and 1htperadved a lead vehicle
respectively cutting out and crossing over the path of teevahicle. In most of these cases, the
lead vehicle posed no danger to the host vehicle. A lead eehitting in the path of the host
vehicle triggered the remaining 6 percent of these cases.
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Figure 3-6. Breakdown of Crash-Imminent Alerts byHost Vehicle Maneuver versus
Moving Target Maneuver

About 81 percent of all moving in-path target alerts wereegdiased on a lead vehicle
decelerating ahead of the host vehicle. Figure 3-7 showsrtlyat bpercent of moving in-path
target alerts were associated with a lead vehicle movinglatner constant speed. Moreover,
an accelerating lead vehicle triggered only 3 percent ofrrgom-path target alerts.
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Figure 3-7. Breakdown of Moving In-Path Target Alets by Lead Vehicle Dynamic State

The breakdown of crash-imminent alerts due to moving in-pagjets by the various driving
conditions is as follows:

— Road type: 82 percent or 0.61 alerts per 100 km traveled on emndys, and 18 percent
or 0.11 alerts per 100 km traveled on freeways.

— Weather: 89 percent or 0.33 alerts per 100 km traveled inadeditions, and 11 percent
or 0.45 alerts per 100 km traveled in adverse weather.

— Ambient light: 82 percent or 0.38 alerts per 100 km traveldighmed conditions, and 18
percent or 0.23 alerts per 100 km traveled in dark conditions.

— Traffic: 14 percent or 0.07 alerts per 100 km traveled in la¥fi¢t 72 percent, or 0.9
alerts per 100 km traveled in moderate traffic, and 14 peacehé2 alerts per 100 km
traveled in heavy traffic.

— Road junction: 62 percent of alerts occurred in the vicwiiintersections and driveways
as illustrated in Figure 3-8.

— Host vehicle speed: About 40 percent of all moving in-patietaalerts were triggered at
host vehicle speed below 35 mph as shown in Figure 3-9.

Alert rates were observed to be higher on non-freeways, &dweegher, lighted conditions, and
heavy traffic. This is perhaps due to higher volume of traffid heavier level of service under
these conditions. Also, as might be expected, most alertsrieppejunctions where more
driving conflicts with other cars normally occur. The mayoof moving in-path target alerts
was triggered at vehicle travel speeds over 35 mph. At thgiserlipeeds, the host vehicle
requires a longer distance to stop and thus warnings temdissued earlier and on more distant
objects.
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Figure 3-8. Breakdown of Moving In-Path Target Alets by Relation to Junction
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Figure 3-9. Distribution of Moving In-Path Target Alerts by H ost Vehicle Speed
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Table 3-2 presents data from the system characterizaticasbi@st the detection and tracking of
in-path vehicles by the forward-looking sensor suite undtardnt roadway curvatures and
environmental conditions. This analysis only includedets that were entirely within the same
lane as the host vehicle, and were moving within 100 m or sdopiplein 70 m from the host
vehicle. Detection here refers to lead vehicles being dechs closest in-path targets by the
system, and not crash-imminent alerts. Late detection wa®dhéirtke sensor suite did not
detect the lead vehicle under these conditions when it eggbgathe lane of the host vehicle
(e.g., lead vehicle changing lanes, host vehicle changing lanlesst vehicle approaching lead
vehicle from afar). Intermittent detection was noted if #reser suite first detected the target
under these conditions and then lost it for up to 3 secondeeltafget reacquisition. Any
detection lost for 3 seconds or more was recorded as lostideteAccurate determination of
upcoming roadway geometry is a critical element for thedodwooking sensor suite to discern
whether or not a target ahead lies in the host vehicle patrdwRgaurvature or radius was
therefore broken into 3 categories for non-freeways andegaaes for freeways. The
definition of “freeway” encompasses all divided roadwaith wosted speed limits greater than
or equal to 55 mph. Sharp curves with less than 500 m radilefai the design
specifications of ACAS. Curves of 500 to 1,000 m radius are @eresl of medium radius. The
third category, 1,000 to 2,000 m radius, was added to freewayberduse the system could
have difficulty determining whether or not targets are itij@& long ranges (50-100 m) when
driving at high speeds on curves. The last curvature categbcaies essentially straight roads
for either freeway (R 2,000 m) or non-freeway (81,000 m).

Table 3-2 lists the rates of late, intermittent, and lost detecby roadway curvature and
environmental condition (the numerator in parenthesessr&h the number of detection
anomalies while the denominator indicates the number géhltles classified under the
conditions above during the system characterization t&$® forward-looking sensor suite was
late in detecting about 17 percent of the vehicles encashber curves below 500 m radius, as
opposed to 14 percent on curves with higher radius. Moreaterétections were observed in
18 percent and 15 percent of the targets respectively imndiclear weather. Intermittent
detection was noted in 28 percent of the targets on curves B0 m radius, as opposed to 24
percent on curves with higher radius. The results of latera@uriittent detections do not show
a significant impact by sharp curves (radius < 500 m). Inasttsharp curves accounted for
lost detection in 22 percent of the targets as opposed t@qagcent on curves with higher
radius. A higher rate of lost detections was observed intramih clear weather during the day,
and much higher rate at night than the day in clear weathdrouldsbe noted that the
denominator values in each of the columns of Table 3-2 aerettfdue to the conditions under
which the host vehicle acquires the lead vehicle (late ti@tecase), and due to the conditions
that both host and lead vehicles, or either vehicle, must deespecified curve (intermittent
and lost detection cases).
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Table 3-2. Late, Intermittent, and Lost DetectionRates for In-Path Targets

Roadwa

Curvature (m)

Environmental Conditions

R <500

500<R<1000

1000R<2000

R>1000 or 2000

Day Clear

Day Rain

Night Clear|

Late Detection

17% (39/228

10% (4/40)

17% (10/60

15% (52/357

17%I435)

18% (22/119

7% (8/121)

Intermittent Detection

28% (88/316

29% (16/56

17% (12/72

24% (118/48

)

7394/589)

22% (34/153

35% (66/18

Lost Detection

22% (63/291

7% (3/43)

29% (1/61)

9% (37/394

9% (46)491

14% (19/138)

24% (39/160

11000 <R < 2000 only on freeways with spee®% mph
2R >1000 on non-freeways or R2000 on freeways

Subjectively, FOT subjects were asked the following questi@ post-drive survey about ACC,
which relates to the detection capability of the ACAS fodalapking sensor suite:

— While using ACC, how often, if ever, did the system not indidaeptesence of a
vehicle when one did exisinissing an in-path targg?

The question was scaled from 1 (never), 2 (once or twice,ttid)(several times a day — over
30 total). About 80 percent of the subjects indicated that AG@r missed a vehicle, while
about 17 percent reported a missed vehicle once or twictaln Ithe average response was
1.27 with a standard deviation of 0.73.

3.1.3 Out-of-Path Target Detection and Rejection

Out-of-path targets caused 0.27 crash-imminent alerts Pekrhi@raveled.There were a total of
357 crash-imminent alerts due to stationary out-of-pagetarduring the FOT at a rate of 0.23
alerts per 100 km traveled. A total of 42 percent, 10 percen8 pedcent of these objects were
located respectively on curve, curve entry, and curve exit. ©athier hand, the host vehicle
received 36 percent, 16 percent, and 4 percent of these didedogated respectively on curve
entry, curve, and curve exit. Thus, the majority of stationanpbpath target alerts were
associated with curved roadways. As seen in Figure 3-10, 3hpefthese alerts occurred
when both the host vehicle and the target were on a straaght tbshould be mentioned that the
host vehicle could be performing a maneuver at the time @iéneon a straight road, such as
changing lanes, turning, or passing. Figure 3-11 shows thatobjestraight roads triggered 32
percent of stationary out-of-path target alerts when tkevehicle was simply traveling straight.
This could be caused by radar misalignment in case of r@adbjdcts, or a weakness in the
bridge rejection algorithm in case of a bridge or overhegd si

The breakdown of crash-imminent alerts due to stationargfepéth targets by the various
driving conditions is as follows:

— Road type: 77 percent or 0.38 alerts per 100 km traveled orremndys, and 23 percent
or 0.10 alerts per 100 km traveled on freeways.

— Weather: 96 percent or 0.24 alerts per 100 km traveled inadeditions, and 4 percent
or 0.10 alerts per 100 km traveled in adverse weather.

— Ambient light: 82 percent or 0.25 alerts per 100 km traveldighmed conditions, and 18
percent or 0.16 alerts per 100 km traveled in dark conditions.

— Road junction: Only 9 percent of stationary out-of-pathtgleccurred in the vicinity of
intersections and driveways as opposed to 62 percent ohgiowpath target alerts. As
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observed in Figure 3-12, 87 percent of stationary out-of-pagjet alerts were triggered
at non-junctions.

— Host vehicle speed: Only 25 percent of all stationary oyadi target alerts were
triggered at host vehicle speed below 35 mph as shown ineRgL8.

The rate of stationary out-of-path target alerts on nowaige is higher than on freeways due to
sharper curves and more abundant roadside furniture orremmays. It is important to note
that the adverse weather does not appear to affect the eadar &1 creating false targets as
apparent in the lower alert rate in adverse weather. Therlalgrepercentage at non-junctions
can be explained by the presence of more curves than at netioms. Finally, most or 75
percent of all stationary out-of-path target alerts waggédred at host vehicle speeds over 35

mph. Thus, suppressing this type of alert at lower speeds affetd a quarter of these false
alerts.
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Figure 3-10. Breakdown of Stationary Out-Of-Path Target Alerts by Target and Host
Vehicle Locations

3-12



% of Alerts

Host Vehicle
Maneuver

Target Location

Figure 3-11. Breakdown of Stationary Out-Of-Path Target Alerts by Vehicle Maneuver
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Figure 3-12. Breakdown of Stationary Out-Of-Path Target Alerts by Relation to Junction
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Figure 3-13. Distribution of Stationary Out-Of-Path Target Alerts by Host Vehicle Speed

The capability of the forward-looking sensor suite to repettof-path targets was assessed
using data from the system characterization test. Table &8s results of rejection ratios for
crash-imminent alerts by roadway curvature and enviroraheonditions. The category of
“overhead object” included bridges, overhead signs, and vegtkwThe category of “out-of-
path stationary target” comprised mailboxes, signs, gudight poles, and other stationary
roadside objects, excluding overhead objects. The “leadleehiadjacent lane” documented
the presence of a lead vehicle in the four roadway curvaategaries shown in Table 3-3, while
the host vehicle was in the first three roadway curvatusgjoees (not on straight roadways,
R>1,000 or 2,000). The last category of “vehicle maneuver” imdust vehicle passing, host
vehicle lane changing, and lead vehicle turning. A total ofrdSheimminent alerts were
received during system characterization test — 5 on stnagtways and 5 on sharp curves (R <
500 m). Stationary objects caused three straight roadway aleoncrete median barrier, metal
fence, and plastic construction barrel. The remaining tvamgstrroadway alerts were due to
lead vehicle turning and lead vehicle in the adjacent lanead\ehicle in the adjacent lane and
lead vehicles turning ahead triggered respectively onéoamatrash-imminent alerts on sharp
curves.

The rejection ratio of overhead objects was 100 percentdehgemminent alerts, given that 308
such objects were encountered during the system chazatimmitest. Moreover, the threat
assessment algorithm rejected 97.9 percent of out-of-fatbrery objects, and 99.6 percent of
lead vehicles in the adjacent lane when the host vehicleegagiating a curve. The lead
vehicle turning caused 5 crash-imminent alerts as seen lasth®w of Table 3-3. In 3 of these
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cases, the lead vehicle was more than half way out of the Hoskeviane. Overall, the threat
assessment algorithm suppressed 97.7 percent of crashantralerts that might have been
triggered by either host or lead vehicle maneuver to changs.| Environmental conditions did
not appear to have any impact on crash-imminent alert @jedtie to out-of-path targets.

Table 3-3. Rejection Ratios of Crash-Imminent Alets Due to Out-Of-Path Targets

Roadway Curvature (m) Environmental Conditions
R <500 500<R<1000 100(_)R<2006 R>1000 or 2000 Day Clear Day Rain Night Clear
Overhead Object 100% (0/35)] 100 % (0/27 100% (0/50 100% (0/194 1q09234) 100% (0/71) 100% (0/3)
Out-of-Path Stationary Target 100% (0/72)]  100% (0/11) 100% (0/4) 95% (3/58) 98% (2/93 | 100% (0/33) 95% (1/19)
Lead Vehicle in Adjacent Lane 99% (1/154)]  100% (0/79) 100% (0/93 99% (1/133 999218) 100% (0/97) 100% (0/13
Vehicle Maneuver’ 90% (4/40) |  100% (0/16) 100% (0/23 99% (1/138 98%53)1 100% (0/32) 94% (2/32)

11000 <R < 2000 only on freeways with spee&%
2R >1000 on non-freeways or R2000 on freeways
% Vehicle Maneuver = Host veh. passing, host veh. thamge, lead veh. turning

Table 3-4 shows results of rejection ratios for visual algrtoadway curvature and
environmental conditions using system characterizatishdata. Visual alerts only displayed
warning icons to the driver on the HUD. The icons range frontl gimegen vehicle indicating
target detection, to large yellow vehicle indicating a cteghinent alert would be issued if no
action were taken. All icons were accounted for regardlegeeoflevel or length of time
displayed. The system characterization test was condudte&@MW sensitivity setting at 3, an
intermediate setting. The rejection ratios in Table 3-4 aiegably lower than in Table 3-3 due
to the filtering ability of the ACAS threat assessment atlgor. In the “Lead Vehicle in
Adjacent Lane” row, the total values of the numerator andrderator in the “Roadway
Curvature” part of Table 3-4 are lower than the values of theif&hmental Conditions” part
due to the exclusion of values in the 2R.000 or 2000” cell highlighted in the table below.

Table 3-4. Rejection Ratios of Visual Alerts Duea Out-Of-Path Targets

Roadway Curvature (m) Environmental Conditions

R <500 500<R<1000 | 1000R<2006 |R>1000 or 2000 Day Clear Day Rain Night Clear,
Overhead Object 100% (0/31) |  100% (0/21) 96% (2/45) 96% (8/181 98% @B)2 93% (5/71) 100% (0/3)
Out-of-Path Stationary Target 79% (9/43) 100% (0/7) 100% (0/3) 82% (6/33) 94% (2/36) 1%8(6/32) 61% (7/18)
Lead Vehicle in Adjacent Lane 71% (36/123)]  65% (19/54) 85% (11/73 72% (51/185 58%7) 50% (4/8)
Vehicle Maneuver 96% (1/25) 100% (0/13) 100% (0/22 90% (11/110 96%23) 87% (4/30) 83% (3/18)

1000_<R < 2000 only on freeways with spee®5
2R >1000 on non-freeways or R2800 on freeways
3 Vehicle Maneuver = Host veh. passing, host vete Ehange, lead veh. turning

The ACAS suppressed the display of visual warning icons.i @& cent of overhead objects
encountered during the system characterization test. Memeibe ACAS did not issue visual
alerts to 82.8 percent of out-of-path stationary objects78r&percent of lead vehicles in the
adjacent lane when the host vehicle was negotiating a cutigaal\Alerts were also suppressed
during 92.9 percent of host or lead vehicle lane changinguware In contrast to crash-
imminent alerts, environmental conditions appear to have smpact on the rejection ratios of
visual alerts due to out-of-path targets. The lowest rejectitios were observed during

3-15



nighttime driving. Moreover, rejection ratios were loweramrthan in clear weather during
daytime driving.

The following two questions in the post-drive survey predid subjective assessment of the
ACAS forward-looking sensor suite to deal with out-of-patigets:

1. While using ACC, how often, if ever, did the system indicatgtiesence of a vehicle
when none existedd]se targex?
2. How often, if ever, did FCW give you a warning that was fdideq targex?

The first question was scaled from 1 (never), 2 (once or tated tto 6 (several times a day —
over 30 total). On the other hand, the second question wad &catel (very frequently) to 7
(very infrequently) with O for never. About 75 percent of thigjscts responded that ACC never
falsely detected a vehicle ahead as opposed to about 25tpehceimdicated one or two false
target detections in total. The average response to thisaquess 1.25 with a standard
deviation of 0.43. As for FCW performance in response to tlendeguestion, only 3 percent
replied that FCW never had a warning when there were no othiefeseto warn about. About
56 percent of the subjects indicated infrequent (scaleddsgé)warnings as opposed to 21
percent who reported frequent (scales 1-3) false warnings.

3.2 ALERT LOGIC

This section assesses the efficacy of crash-imminent bkesesi on FOT triggered episodes, and
evaluates their nuisance on drivers using FOT survey ddisst [trovides a general

examination of all alerts received in ACAS-Disabled and ScE#nabled test periods. The alert
efficacy is then judged by driver response in both drivingesodriver reaction time to in-path
target alerts during ACAS-Enabled test period, driver indtie, and mapping of alert-triggered
episodes to near-crashes. The nuisance of alerts is edabhyadasking FOT subjects whether or
not the alerts they received were inappropriate or unrergess

3.2.1 Examination of All Crash-Imminent Alerts

FOT subjects received 0.62 crash-imminent alerts per 100akmléd during the test in ACAS-
Disabled test period (unheard alert) and ACAS-Enabled tastdpgeard alert). The breakdown
of all crash-imminent alerts by the various driving condgits as follows:

— Road type: 80 percent or 1.08 alerts per 100 km traveled orremndys, and 20 percent
or 0.23 alerts per 100 km traveled on freeways.

— Weather: 92 percent or 0.62 alerts per 100 km traveled inadeditions, and 8 percent
or 0.62 alerts per 100 km traveled in adverse weather.

— Ambient light: 82 percent or 0.69 alerts per 100 km traveldighmed conditions, and 18
percent or 0.42 alerts per 100 km traveled in dark conditions.

— Traffic: 39 percent or 0.35 alerts per 100 km traveled in la¥fi¢t 53 percent, or 1.19
alerts per 100 km traveled in moderate traffic, and 8 percein®8 alerts per 100 km
traveled in heavy traffic.
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— Road junction: About 55 percent of all alerts were receiv@m@-junctions as seen in
Figure 3-14.

— Host vehicle speed: Figure 3-15 shows that about two thirdsg)(67all alerts were
triggered at host vehicle speed over 35 mph. Moreover, FiglalRistrates a
relatively high rate of 2.18 alerts per 100 km traveled aetrspeeds between 25 and 35
mph. This speed bin had about 28 percent of all alerts.

Ramp
3%

Driveway
7%

Intersection

350 LNon-Junction

55%

Figure 3-14. Breakdown of All Alerts by Relation b Junction
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Figure 3-15. Distribution of All Alerts by Host Vehicle Speed
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Figure 3-16. Crash-Imminent Alert Rates per Distage Traveled by Host Vehicle Speed

Out-of-path target alerts accounted for 43.5 percent ofeatbawhich warned of objects that are
not in the path of the vehicle and thus posing no safety riskh®other hand, alerts triggered
by in-path targets amounted to 549 alerts or 56.5 percental€gh that may or may not warn
of an impending crash. Stationary objects triggered a tbfial alerts or 2.6 percent of all in-
path target alerts. The forward-looking sensor suite dectarly 2 of the 14 stationary objects
as movable (seen moving prior to stopping) objects. A toté2»for 76.9 percent of all in-path
target alerts were triggered in the ACAS-Enabled test perotbtal of 28 crash-imminent alerts
due to in-path targets were deemed “true” alerts to a pdtenpanding rear-end collision by
the independent evaluator (See Safety Impact section).tdthiss about 5 percent of all crash-
imminent alerts due to in-path targets, equivalent to abowtlér& per 10,000 km traveled.

To further examine the efficacy of in-path target crash-inemtilerts, driver response before (
5 seconds) and after 8 seconds) the alert is identified below for the ACAS-Disalaind
ACAS-Enabled test periods. In addition, reaction time to te &l delineated in case of driver
response while in the ACAS-Enabled test period or the “heded period. Moreover, driver
inattention is examined in terms of distraction and eyethefroad.

3.2.2 Driver Response to In-Path Target Alerts

Figure 3-17 compares driver response before and after ingwg#t trash-imminent alerts
during the ACAS-Disabled test period in which FOT subjetshdt hear the alert. The
percentage of off-throttle response exhibited beforeldrewaas significantly reduced from 44
percent to 5 percent of the in-path target alert episodenggige to a higher percentage of
brake response after the alerts from 11 percent to 46 perthistincrease in brake response
might be attributed to driving conflicts that the ACAS is mmag about. FOT subjects did not
initiate any type of response in 39 percent and 43 percehtiofpath target alert episodes,
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respectively, before and after the alert during the ACASdes] test period. Figure 3-18
compares driver response before and after in-path targest dilging the ACAS-Enabled test
period in which FOT subjects did hear the alert. Similar tcADAS-Disabled test period, the
percentage of off-throttle response was significantlyced, from 45 percent before the in-path
alert to 9 percent after the alert during the ACAS-Enableidoriod. On the other hand, the
brake response jumped from 8 percent before the alert ta&npafter the alert. In contrast to
the ACAS-Disabled test period, the percentage of no resplmatieed from 43 percent before
the alert to 29 percent after the alert during the ACAS-eaitaist period.

O Before Alertm After Alert ‘

60%

50%

40%

30% -
20%

10% |
0% e sm .

% of In-Path Target Alerts

None Brake Steer Brake & Steer Off-Throttle

Driver Response

Figure 3-17. Breakdown of Driver Response Type Befe and After In-Path Target Alerts
during ACAS-Disabled Test Period
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Figure 3-18. Breakdown of Driver Response Type Befe and After In-Path Target Alerts
during ACAS-Enabled Test Period
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Figure 3-19 compares driver response after the in-path téegebetween the ACAS-Disabled
and ACAS-Enabled test periods. FOT subjects had highemsspates and braked more when
they heard the alerts during the ACAS-Enabled test periots Widuld suggest that heard in-
path target alerts elicited drivers to respond, but thiseiatlyrdependent on the driving
situations.

@ ACAS Disabledm ACAS Enabled

@
& 60%
< 50%
]
> 40% {—]
©
= 30% -
<
0/t 1 |
g 20%
< 10% -+
S 0% — | — I_._
S None Brake Steer Brake & Off-Throttle
Steer

Driver Response After Alert

Figure 3-19. Comparison of Driver Response Type #dr In-Path Target Alerts between
ACAS-Disabled and ACAS-Enabled Test Periods

3.2.3 Driver Reaction Time to In-Path Target Alerts

Driver reaction time is defined as the time period betweeitthe of in-path target alert onset
and the time of response initiation. Reaction time averdgmat 8.55 seconds per driver to in-
path target alerts during the ACAS-Enabled test period, aviitandard deviation of 0.38
seconds (standard error = 0.05 seconds and number of sujiissanalysis = 60). It should
be noted that six FOT subjects did not experience in-patéttalgyts during the ACAS-Enabled
test period. Taking reaction time to all alerts from all sttbjaltogether, reaction time averaged
about 0.53 seconds with a standard deviation of 0.49 secaaddgsl error = 0.03 second).
Figure 3-20 shows the empirical probability density funciiod cumulative distribution of the
average reaction time per driver to in-path target aleriagitimie ACAS-Enabled test period.
About 53 percent of the 60 subjects reacted on average withgefonds of the alert, and 95
percent of the subjects reacted within 1 second of the alert.
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Figure 3-20. Distribution of Average Reaction Timeger Subject to In-Path Target Alerts
during ACAS-Enabled Test Period

Brake reaction time averaged about 0.57 seconds per drivep&th target alerts during the
ACAS-Enabled test period, with a standard deviation of 0.4dnsksc(standard error = 0.06
seconds and number of subjects in this analysis = 60). Tlkis t#action time ranged from a
minimum of 0.1 seconds to a maximum of 2.8 seconds. Takingaedictie to all alerts from

all subjects altogether, brake reaction time averaged aitiseconds with a standard
deviation of 0.53 seconds (standard error = 0.03 second). avhesge values of brake reaction
time are much less than experimental data on brake reaaties of drivers under surprise
conditions that are typically greater than 1 second (Hended987; Taoka, 1989; Olson et al.,
1984). This suggests that drivers in the FOT were about iaéniiraking when they received
the crash-imminent alert in the majority of alert cases. $eetion time averaged about 0.4
seconds per driver to in-path target alerts during ACAS-EEdabkst period, with a standard
deviation of 0.31 seconds (standard error = 0.09 seconds armnaf subjects in this analysis
=11). On the other hand, brake and steer reaction time average0.39 seconds per driver
with a standard deviation of 0.32 seconds (standard erro®=s8ddnds and number of subjects
in this analysis = 12). Similar to brake reaction times olesenvthe FOT, steer and brake and
steer reaction times indicate that subjects in most alegsasere about to initiate their response
to the in-path obstacle as soon as they got the crash-immiedst a

3.2.4 Driver Inattention in Alert-Triggered Episodes

Figure 3-21 shows the involvement of driver distraction imnafiath target and out-of-path
target alert-triggered episodes. Driver distraction metudialing phone, talking/ listening to the
phone, singing/whistling, grooming, adjusting controls,tsbiag face, yawning,
drinking/eating/smoking, talking to passenger, readingchesy interior, scanning back
adjacent lanes, scanning rear-view mirror, looking to th&/aidside car, reaching for items, and
other distractions. The subject was observed being detracabout 39 percent of the in-path
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target alert episodes. However, drivers were not distrac@dhily over 50 percent of the
episodes.

O All Alerts m In-Path Alertsc Out-Of-Path AIert#
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Figure 3-21. Breakdown of Various Alerts by SubjetDistraction

Reaction time of a distracted driver averaged about 0.4hdeqer driver to in-path target
alerts during the ACAS-Enabled test period, with a standandtten of 0.25 seconds (standard
error = 0.04 seconds and number of subjects in this analy3is 3 dking reaction time to all
alerts from all distracted subjects altogether, reactioa iveraged about 0.49 seconds with a
standard deviation of 0.46 seconds (standard error = 0.0ddsycd-igure 3-22 shows the
empirical probability density function and cumulativetdsition of the average reaction time
per distracted driver to in-path target alerts during the 8&habled test period. About 66
percent of the 47 distracted subjects reacted on averdyge @i seconds of the alert, and 98
percent of the subjects reacted within 1 second of the alert.
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Figure 3-22. Distribution of Average Reaction Timeoer Distracted Subject to In-Path
Target Alerts during ACAS-Enabled Test Period
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Brake response to crash-imminent alerts for in-path targetotserved in 77 percent of
distracted driver cases, off-throttle in 11 percent, ste@mpercent, and brake and steerin 5
percent of the cases. Brake reaction time of a distractest @neraged about 0.49 seconds per
driver to in-path target alerts during the ACAS-Enabledgesbd, with a standard deviation of
0.39 seconds (standard error = 0.06 seconds and number atsubfhis analysis = 42). This
brake reaction time of a distracted driver ranged from ammuim of 0.1 seconds to a maximum
of 1.9 seconds. It should be noted that driver distractionsdadlsmoking, talking, eating, or
other things where the driver was actually looking straagtihe lead vehicle ahead. Moreover,
the dynamic situations between the host and lead vehida#ygaffected brake reaction time to
in-path target alerts in most cases. This may explain why #drage brake reaction time to in-
path target alerts by distracted drivers is lower in thigpéathan the overall average brake
reaction time.

Figure 3-23 shows the percentage of driver eyes-off-thetnoaltlin-path and out-of-path target
alert-triggered episodes. An FOT subject was noted to hatreehieyes off the road if the driver
glanced away from the road ahead for a time period greateothrerjual to 1.5 seconds before
and during the alert. FOT subjects had their eyes off the mdaever than 5 percent of the
alert-triggered episodes. Even though they are considesaaree of nuisance, out-of-path
target alerts issued during the time period when the sulgddtib/her eyes away from the road
could be very helpful in diverting his/her attention bacth®road again. There was an instance
in Algorithm A FOT where a subject veered off the road dutegACAS-Disabled test period
due to eyes-off-the-road and a stationary object alertsgasd. Even though the subject
corrected back to the road on her own without hearing an @lisrcase would have been helpful
to a subject who did not correct his/her path back on theldxhvead.

Reaction time of a driver whose eyes were off the road avkedgmit 0.6 seconds per driver to
in-path target alerts during the ACAS-Enabled test periatth, avstandard deviation of 0.46
seconds (standard error = 0.19 seconds and number of sujgissanalysis = 6). Taking
reaction time to all alerts from all subjects with eyeseafdraltogether, reaction time averaged
about 0.66 seconds with a standard deviation of 0.57 secaaddgs] error = 0.21 second).
Only brake response to the crash-imminent alert was obsereades where driver eyes were
off the road.

3-23



O All Alerts ® In-Path AlertsO Out-Of-Path Alerts*

90%
80%
70%
60%
50%
40% ~
30% -

20%
10% 3.1% 2.79% 3.5% T
0% | — I

No Yes Unknown

Subject Eyes-Off-Road

% of Alerts

Figure 3-23. Breakdown of Various Alerts by SubjetcEyes-Off-Road

3.2.5 Mapping of Alert Episodes to Near-Crashes

By examining the severity of driving episodes in which an ith-parget alert was issued in both
ACAS-Disabled and ACAS-Enabled test periods, about 57 peofénese episodes were
classified as low-intensity near-crashes. On the other, loahd15 percent of these episodes
resulted in high-intensity near-crashes. The definitiomwtihtensity and high-intensity near-
crashes is provided in the Safety Impact chapter of thistrepo

3.2.6 Subjective Rating of Alert Efficacy

Subjects were asked to rate the timing of the FCW auditoryaald ACC autobraking response
to a vehicle ahead with the following questions respegtivel

1. Overall, evaluate the timing of the auditory alert when REZA¥ responding to a vehicle
ahead.
2. What did you think of the timing of ACC braking in resportsa vehicle ahead?

Figure 3-24 shows the mean and standard deviation valuepohses to the two questions
cited above. About 36 percent of the subjects thought that &Ektiming was just right. In
contrast, about 54 percent thought that ACC autobrakingmespeas just right (scale value 4).
About 52 percent of the subjects judged FCW timing as lateretus degrees (scale values 5-7)
as opposed to only 12 percent who judged it as early at valeguses (scale values 1-3). In
comparison, about 20 percent of the subjects felt that ACKnigreesponse was early, as
opposed to 26 percent who thought of it as late at variousekegr
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Figure 3-24. Subjective Evaluation of FCW Alert al ACC Auto-Brake Timing

An inquiry was made into the subjects’ opinion about chanthie design of FCW alert timing
by two survey items translated below into one statement:

— If I were designing an FCW system, | would add an alert timittqngethat allowed me
to receive alertsooneflater than themostleastsensitive alert timing setting that |
experienced with this FCW system.

Figure 3-25 presents the mean and standard deviation valtesresponses for sooner or later
alert settings. About 67 percent of the subjects disagrake¢st-3) to havintater alert setting
as apposed to 45 percent who disagresmtmersetting. On the other hand, 21 percent of the
subjects agree (scales 5-7)dter setting as opposed to 47 percentsoonersetting.

Theusefulnes®f FCW alerts was investigated by asking the subjects te thatextent to which
FCW alerts were useful in providing a warning about a drigitation that might result in a
collision,” at a scale between 1 (not at all useful) and 7 (weeyul). The mean response was
4.83 with a standard deviation of 2.05. About 59 percent of thjeds rated it to be useful
(scales 5-7) as opposed to only 27 percent who judged it netusdbul (scales 1-3).
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Figure 3-25. Subjective Response to Design ChangieFCW Alert Timing Setting

Two more questions were asked of subjects, which addresHitlaeyeof FCW alerts:

1. How often, if ever, did FCW not give you an alert when you lielt bne was

necessarynjissed ale)f?
2. How often, if ever, did FCW give you an alert in a situatiohyba felt was

appropriatedppropriate aler}?

Figure 3-26 displays the mean and standard deviation valugwef responses to above
guestions. About 61 percent of the subjects felt that thegriad a missed alert, and 17
percent experienced 1 or 2 missed alerts in total. On thehahdr only 12 percent indicated
that they never had an appropriate alert. About 64 percem stibjects felt that they
experienced 1 to 6 appropriate alerts in total.
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Figure 3-26. Subjective Evaluation of FCW Alert Eficacy

3.2.7 Subjective Rating of Alert Nuisance

Few guestions were asked of subjects that indirectly retdetts that might be the source of
nuisance:

1. How often, if ever, did FCW give you an alert where you coulddemtify the
source of the alerufidentified sourcg®

2. How often, if ever, did FCW give you an alert in a situatiohyba felt was not
appropriateiGappropriate aler}?

3. How frequently did driving situations listed beldiwresult in FCW alerts that you felt
were not necessary?

When a vehicle ahead of me turned

When | passed a moving vehicle

When a vehicle ahead changed lanes

When my vehicle changed lanes

When a vehicle cut in front of me

When | cut in behind another vehicle

When | passed a sign, light post, or guard rail

When | passed a parked vehicle

S@~eoo0oTy

Figure 3-27 illustrates the mean and standard deviations/alu¢he questions listed above.
One third of the subjects indicated that they never got aintladée they could not identify its
source. About 62 percent acknowledged that they receivegdetl and 6 alerts in total with
an unknown source. About 56 percent indicated that theyweet@ito 6 inappropriate alerts in
total, with 15 percent indicating never to receive an ingppate alert. The reader is referred to
Section 5, Driver Acceptance, for a more comprehensive analysOT subjects’ opinions and
observations about the ACAS.

3-27



4.5
4 =
35 -
3 - 1 - - .
. i _ _
< 25
> i
= i
o] 2
= —— .
159 2.9 2.8 2 ]
2.2 2.3
1442 2 1.9 1.7 1.8 |
0.5 1+ —
0 : . ;
& < -Q Q> Lo
S & F
> a2 S X & & S & 2 R
@‘S\\ S AC}QQ 46§ qqg) ﬁ@
S \Q?’QQ he AS RS QA

1 never, 2 once or twice, 3 once or twice/weekevlesal times/week, 5 once/day, 6 several times/day

(LV= Lead Vehicle, HV= Host Vehicle, S/LP/GR= Sigight Post/Guard rail)

Figure 3-27. Subjective Evaluation of Inappropriate FCW Alerts

3.3 AUTOMATIC CONTROLS

This section addresses the automatic capability of ACCrtvalqre-set headways and respond
to dynamic conditions of lead vehicles ahead. This analysiased on data collected from the
system characterization test and FOT surveys. The chazatter test data were used to
examine the response of ACC autobraking to deceleratingweislead vehicles, and to check
for false autobraking due to out-of-path moving vehiclesT B@rveys added subjective data to
evaluate the gap settings and acceleration/deceleraitioborgy of ACC.

3.3.1 Autobraking Response

The system characterization test employed ACC only on ¢legvlry portion (divided roadways
with speed limit= 45 mph) of the test route under daylight clear conditionstfid @nditions
included low, moderate, and heavy but were generally at a atedevel of service. Headway
settings were varied as equally as possible to includest€aré second), medium (1.4 seconds),
and farthest (2.0 seconds) settings, which accounted reshetdr 31.9 percent, 33.7 percent,
and 34.4 percent of ACC drive time. ACC set speed was usualgrcho ensure that the host
vehicle was moving with the flow of traffic or slightly fastéhus increasing the likelihood of
encountering and detecting a lead vehicle.
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ACC autobraking was examined in response to a lead vehid¢edating ahead. Figure 3-28
provides a quantitative description of time delay betwkerstart of lead vehicle braking and the
initiation of ACC autobraking. Based on 44 events, autobgakins initiated at an average of
2.2 seconds after the lead vehicle began braking (brake bghtat different levels of
deceleration (standard deviation = 2.2 seconds and stagmlard- 0.3 seconds). The autobrake
delay time was over 2 seconds in 45 percent of these eventse Big9 illustrates the
distribution of time delay between the end of lead vehicd&ibg and the release of ACC
autobraking. This figure is based on 30 events in which thevkdadle stopped braking (brake
lights off) while remaining in the path of the host vehiclethim other 14 lead vehicle braking
events, the lead vehicle simply changed lanes, the hostevehi@hged lanes, or the host vehicle
speed fell below 20 mph. The ACC released the autobrakes e rage of 2.6 seconds after
the end of lead vehicle braking, with a standard deviationlod&onds and standard error of
0.4 seconds. It took over 3 seconds to release the autobral®pencent of the events. Further
examination of time delay in autobrake release was cordibgtebserving the time difference
between the closing speed becoming zero (range rate = @)eaadd of ACC autobraking.
Figure 3-30 shows the results of this time delay based on 68&ememhich the host vehicle was
closing in on a lead vehicle decelerating or moving at sleoaestant speed. ACC stopped
braking on an average of 2 seconds after matching the spaelle&d vehicle, with a standard
deviation of 1.5 seconds and standard error of 0.2 seconds.elBlyanés over 3 seconds in 25
percent of these events. These time delay characterigécsthke response and reaction of
vehicles following the host vehicle, which could annoy devarfollowing vehicles.
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Figure 3-28. Distribution of Autobraking Responselime to Lead Vehicle Decelerating
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Figure 3-30. Distribution of Autobrake Release Tine from Zero Closing Speed

A total of 5 false autobraking events were experienced whieng with ACC during the

system characterization test. The host vehicle passingeattack caused one false autobraking
event, while the remaining 4 were in response to slower wshicladjacent lanes on curves.
There were 17 passing maneuvers by the host vehicle. It dwubéntioned that the dynamic
conditions of the passing maneuver have a significant inguatriggering false autobraking
events. The host vehicle also conducted a total of 44 langehamne of which triggered false
autobraking. In addition, the host vehicle encountered t@sllead vehicles in adjacent lanes
on curves. The lead vehicle was detected in 23 percent ofdhesg as observed by the visual
icon on the HUD. Of these detected lead vehicles, 4 or 13 périggyetred false autobraking.
These occurred on a limited access, divided roadway with 40spged limit and sharp curves.
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This suggests that ACC should only be engaged on interst&tate highways with large curves
and speed limits of 55 mph and higher; otherwise, the driverexg@erience unnecessary
autobraking events.

3.3.2 ACC Gap Setting and Acceleration/DeceleratioAuthority

An inquiry was made into the subjects’ opinion about chantiia design of ACC gap setting by
two survey items translated below into one statement:

— If I were designing an ACC system, | would add a following dista(gap) setting that
allowed me to follow other vehiclesore closelifarther than theclosesffarthest
headway setting that | experienced with this ACC system.

Figure 3-31 shows the mean and standard deviation valuesregienses for closer or farther
ACC gap settings. About 74 percent of the subjects disagealg$ 1-3) to having more
closely than the closest gap setting (1 second) as apposely tb/ percent who agreed (scales
5-7). On the other hand, 60 percent of the subjects disagrbaditg farther than the farthest
gap setting (2 seconds) as opposed to 19 percent who agrdgelctSwho scored 4 (neutral)
were about 9 percent and 21 percent for closer and fartheegam changes, respectively.
Thus, there is stronger disagreement to adding a closerttjag fean a farther gap setting by a
small margin. These survey responses suggest that thetynaj@ubjects appear to be in
agreement with the current gap setting range between 1 andriséheadway.

The following two questions were asked of subjects, whichesddhe auto-acceleration and
autobraking authority of ACC:

1. What did you think of the acceleration provided by ACC whaing into an
adjacent lane to pass other vehicles?

2. What did you think of the deceleration provided by ACC wiodawing other
vehicles?

Figure 3-32 shows the mean and standard deviation valuesvier evaluation of ACC’s
capability to brake or accelerate the host vehicle. Sligivily 50 percent of the subjects picked
the score 4 (neutral) in response to the 2 questions liste® alb3 percent to Question 1 and 52
percent to Question 2. Only 11 percent of the subjects iedithat ACC is fast (scales 1-3) to
accelerate when pulling into an adjacent lane to pass ahales in contrast with 36 percent
who thought that ACC was slow (scales 5-7). This suggests @@tnight be a little slow

when accelerating in passing maneuvers. As for ACC dedeleraihen following other

vehicles, 27 percent of the subjects indicated that it isaspposed to 21 percent who thought
otherwise.
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1 Strongly disagree ... 7 Strongly agree

Figure 3-31. Subjective Response to Design ChangfeACC Gap Setting Range

Mean Value

Acceleration Deceleration
ACC Authority

1 Too fast ... 7 Too slow

Figure 3-32. Subjective Evaluation of ACC Accelergon/Deceleration Authority

3.4 DRIVER-VEHICLE INTERFACE

This section evaluates the HUD readability and sound ditylitsi the DVI based on subjective

judgment of FOT subjects in response to survey items. The &pédlity to effectively convey
information to the driver in terms of HUD readability andiaé®und audibility was subjectively
captured by the following six questions:

1. How easy was it to drive and see the HUD at the same time?
2. How easy was it to see the HUD?
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Overall, how easy was it to see all the information showherUD?
How easily were you able to detect the visual crash alerts?

How easily were you able to recognize alerts from FCW?

How easily were you able to detect the audio crash alert?

ogkw

Figure 3-33 displays the mean and standard deviation valude\vier evaluation of the DVI.

An overwhelming majority of subjects were able to see andtbetand audio messages
transmitted by the DVI. All subjects (100%) easily (scale$ &dve and saw the HUD at the
same time, 98.5 percent easily recognized alerts from FCW ré&mpeasily saw the HUD and
detected the visual and audio crash alerts, and 96.5 peraeall fae information shown on the
HUD overall.

6.73 6.67| 6.66 6.65 6.73 6.80

Mean Value
o N W g o ~N

Drive & See  See HUD See HUD Detect Visual Recognize Detect Audio
HUD Information Alerts Alerts Alert

1 Very difficult ... 7 Very easily

Figure 3-33. Subjective Evaluation of DVI Informaion Display Capability

3.5 SUMMARY OF SYSTEM CAPABILITY RESULTS

The analysis of 8-second video episodes triggered by theopudiash-imminent alerts revealed
the following:

— Subjects experienced 6.2 crash-imminent alerts per 1,00Gkeidd overall during the
FOT. However, this alert rate was 21.8 crash-imminent alerts,p@d km traveled
when subjects were driving at vehicle speeds between 25 angi85

— In-path targets triggered 3.5 crash-imminent alerts per 1@0@aveled. The majority
of these alerts, or 3.4 alerts per 1,000 Km, was attributed tongntarigets. Stationary
vehicles triggered 14 alerts or 2.6 percent of all in-patletaigrts — 2 of these were
declared by the target selection algorithm as seen movimgtprstopping. About 0.4
crash-imminent alerts per 1,000 km traveled was issued fanmowvpath targets due to
host vehicle changing lanes, turning, or passing behind aatlinapoving vehicle. In
contrast, about 1.5 moving in-path target alerts per 1,000 kelechwere caused by a
lead vehicle changing lanes, turning, or making left turnsactiwe path of the host
vehicle.
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Out-of-path targets caused 2.7 crash-imminent alerts ped kfdQraveled. The

majority of these alerts, or 2.3 alerts per 1,000 km travelea, eex to stationary targets.
About 75 percent of these stationary out-of-path alertsroat at vehicle speeds over 35
mph.

In response to crash-imminent alerts for in-path targetagitiie ACAS-Enabled test
period, subjects did nothing or simply eased up on the thiottlose to 40 percent of
the episodes. Subjects braked in about 55 percent of thelepisAbout 55 percent of
the subjects had an average reaction time of 0.5 seconds aftersan in-path target
alert. This suggests that subjects were attentive or weut tbiespond to the situation
ahead when they received the crash-imminent alerts.

The driver appeared to be distracted, within 5 seconds ké®eFash-imminent alert, in
38 percent of all alert episodes based on an analysis ofleecfacial images.

Driver eyes were away from the road ahead for at least 1.5dsebefore the crash-
imminent alert in 3 percent of all alert episodes.

Based on the judgment of the independent evaluator, FOTctaibgeeived about 1.8
“true” alerts per 10,000 km traveled for a potential impegdear-end collision, near
collision, or heavy braking event.

General results of the system characterization test wéod@ss:

The forward-looking sensor suite was late in detecting 1depéof the in-path targets
(defined here by a speed independent 100/70 m), interriyttertected 28 percent of the
targets, and lost detection of 22 percent of the targets vascwith radius below 500 m.
In contrast, target detection loss was about 8 percent ofjadith targets on curves with
radius over 500 m. Also on these curves, late detection amohittént detection rates
were estimated respectively at 14 percent and 24 percédhtrepath targets. It should
be noted that late detection (defined here by a speed-irkapet00/70 m criterion)
does not necessarily imply lateness in warning availplbditthese targets.

The threat assessment algorithm, correctly, did not genzestk-imminent alerts for 98
percent of the stationary out-of-path targets and for 99c¢epteof driving situations
where the lead vehicle is traveling on a curve in the adjéaeeat Also, the system did
not generate crash-imminent alerts for 98 percent of the vdsen the host vehicle
passed another vehicle or changed lanes and when the lécd uaimed ahead.
Overhead bridges or signs were all rejected by the systangdbe characterization test.
The median time delay for ACC to release the auto-brakestladtéead vehicle is no
longer a threat (range rated) was about 2 seconds.

Survey data provided a subjective evaluation of systenbidapa FOT subjects made the
following remarks:

FCW missed an alert at an average rating of 1.74 (1= never amit2-or twice during
the FOT). On the other hand, FCW issued an appropriate aleragéeage rating of
2.77 (2= once or twice during the FOT and 3= once or twice pd)wee

Lead vehicle turning or host vehicle passing by a sign, liglet, pr guardrail were cited
as the most likely sources for FCW inappropriate alerts.
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— Acceleration authority and deceleration authority of tlCAvere rated at an average of
4.46 and 3.85, respectively (1= too fast and 7= too slow). In cyabbn with objective
numerical data, FOT subjects thought ACC was slow to actelera

— HUD capability to clearly convey its information to drivevas rated very favorably by
most subjects.

The following are some anecdotal comments about systemiligpeaid performance that were
observed from FOT and system characterization test data:

— The system may issue crash-imminent alerts in rare instaineesthe brake pedal is
pressed. The brake signal remains at zero. The ACAS is desigsggpress these
alerts when the driver of the host vehicle steps on the bexlad.p

— The forward-looking sensor suite has intermittent detegiroblems in some cases
where the lead vehicle is braking to a stop at an intersecfiba lead vehicle is first
declared as moving in-path target, then lost, and later readcatia shorter range.

— The forward-looking sensor suite “hangs on” lead vehiclies #iey change lanes, and
switches back and forth between another lead vehicle aneirdesthat has just
changed lanes.

— The forward-looking sensor suite is late sometimes in deteatlead vehicle cutting in
at short ranges.

Finally, some problems were identified with the data acgomssystem, such as:

— The forward scene camera tilts down in some instances.
— The forward scene camera is out of focus.
— Data recording becomes “frozen” for some parameters fori@dpaf time.

— Extreme value readings are generated from filtered paeasnaich as the acceleration
level of the host vehicle.
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4. SAFETY IMPACT OF ACAS

4.1 INTRODUCTION

This section presents the assessment of ACAS safety implwesassessment was performed in
the following three areas:

1. Driving Conflict Analysis- This analysis is conducted at a global level examining all
FOT driving conflicts to develop quantitative estimatethefoverall safety impacts
of ACAS. Results of this analysis are discussed in Section 4.2.

2. Near-Crash Analysis This analysis is conducted on the subset of the most severe
driving conflicts, referred to as near-crashes, using viddahamerical episode data
from the FOT, to assess the usefulness of ACAS in prevenaisges. Results of
this analysis are discussed in Section 4.3.

3. ACAS Driver Impact Analysis This analysis focuses on a detailed examination of
driver performance data from the FOT to identify positiverdntended negative
effects of ACAS on driving performance and behavior. Resiilisis analysis are
discussed in Section 4.4.

This safety analysis focused on ACAS as an integrated paok&g&/V and ACC, and did not
attempt to separate ACC and FCW effects because the twomhsetere coupled in the FOT
vehicle and will typically be bundled together in produttehicles. The University of
Michigan Transportation Research Institute and Generabtg¢2005) conducted separate
analyses of FCW and ACC functions.

4.2 DRIVING CONFLICT ANALYSIS

The purpose of the Driving Conflict Analysis is to developmuative estimates of ACAS
safety impacts. The estimates are based on quantifying festivedly ACAS accomplishes the
two means by which it is intended to have an impact on salgtkGAS will help drivers avoid
conflicts that could lead to crashes and (2) if conflictseamuntered, ACAS will help drivers
resolve the conflicts and thus prevent crashes. This analgs consists of two major parts.
The first part assesses the impact of ACAS on driver exptsur@ving conflicts under

different conditions of the driving environment. The secpad estimates the safety benefits of
ACAS in terms of the number of rear-end crashes that mightdyéesl with ACAS assistance.

The following equations describe a general approach flonastg the safety benefits of a crash
avoidance system for a specific crash type, C. In this andlysisrash type C represents rear-
end crashes. System effectiveness, SE, denotes the percetibrech crash type C resulting
from deployment of ACAS:

(1)

SE= 1{—PW (C)}

Puo (C)
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where,

Puy(C) = Probability of a crash type C with ACAS assistanc
Pwo(C) = Probability of a crash type C without ACAS asaiste

This approach also considers that crash type @rseped by a specific driving conflict type S,
which, for example, could be a lead vehicle deedileg. Given a driving conflict type S,
Equation 1 can also be expressed as:

sg= 1-| M ® | R(CIS )
P © || Py (C 19
where,
Pu(S)= Probability of an encounter with driving confli8twith ACAS assistance
per VDT
Puwo(S) = Probability of an encounter with driving confl8twithout ACAS assistance
per VDT

Puw(C|S)= Probability of a crash of type C with ACAS asarste given that driving
conflict S has been encountered

Pwo(C|S)=  Probability of a crash of type C without ACAS igsance given that driving
conflict S has been encountered

The ratio in the left pair of brackets in Equatrs referred to as the Exposure Ratio, ER, since
it expresses the fractional decrease (or increasposure of drivers to conflict type S as a
result of driving with ACAS relative to driving wibut ACAS. The ratio in the right pair of
brackets in Equation 2, referred to as the PrewoprRiatio, PR, expresses the fractional decrease
(or increase) in the likelihood of a crash typeg®en an encounter with conflict type S. The
Prevention Ratio thus reflects the ability of AC&Shelp drivers prevent type C crashes by
resolving type S conflicts. Equation 2 can be reem as follows:

SE=1-ER<PR ?3)

For a more complete discussion of this safety egton methodology that considers multiple
crash and conflict types, the reader is referradd (2003).

Figure 4-1 provides an overview of the Driving artfAnalysis process that consists of two
major parts. The first part, Exposure to Drivingn@licts, examined driver exposure to driving
conflicts in three stages. The first stage deteeahiif drivers experienced differences in
exposure to driving conflicts as they: (1) gainanhiliarity with the new ACAS vehicle, and (2)
experimented with and learned how to use the FCWAGC functions. The second stage
determined rates of driver exposure to driving tots, with and without the assistance of
ACAS, under different conditions of the driving @mmnment. The third stage developed
estimates of ACAS’s ability to reduce driver exp@sto driving conflicts under different driving
conditions. This investigation yielded variousrasites of the ACAS exposure effectiveness,
EE, defined from Equation 3 as:

4-2



EE=1-ER (4)

Thus, EE is simply SE by assuming PR = 1 in Equasio Results of the first part of the analysis
are discussed in Section 4.2.1.

The second part of the Driving Conflict Analysissdponse to Driving Conflicts, was also
conducted in three stages and is discussed inoBeti2.2. The first stage determined the impact
of ACAS on driver exposure to conflicts by spectdignamic scenarios and also determined the
effectiveness of ACAS in reducing these exposuiidse exposure rates were further analyzed
by type of driver response and vehicle speed. d&egosure rates were used to estimate the
number of rear-end crashes that ACAS might prexantliscussed in Section 4.2.2.3. The
second stage developed characterizations of haxerdrinitiated responses to conflicts, with and
without the assistance of ACAS, as well as hownsgethe responses were. The third stage
employed Monte Carlo simulations to develop estasatf the Prevention Ratio in Equations 2
and 3 above,; i.e., the effectiveness of ACAS irvenging crashes given that a particular rear-
end crash conflict has occurred. This stage aisqted estimates of overall safety benefits for
ACAS.
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4.2.1 Exposure to Driving Conflicts

In general, driving conflicts are situations whprempt driver intervention is required to avoid a
crash. The ACAS evaluation is confined to thedwihg four types of conflicts that have been
reported to occur immediately prior to rear-endshes:

1. Lead Vehicle Stopped (LVS),

2. Lead Vehicle Moving at lower constant speed (DyM
3. Lead Vehicle Accelerating (LVA), and

4. Lead Vehicle Decelerating (LVD).

For the ACAS evaluation, exposure to any of thes#lict types was determined by identifying
situations where the ACAS vehicle exceeded defiaeels of Time-To-Collision (TTC) (TTC=
Range/Range rate) and range rate with a lead eefuldsest in-path vehicle). Four such levels
of conflict intensity were defined in terms of TEOd range rate thresholds. The four conflict
intensity levels are based on results of test tetisllies conducted by the General Motors-Ford
Crash Avoidance Metrics Partnership (CAMP) to chimaze drivers’ last-second braking and
steering performance (Kiefer et al., 1999; Kiefeale 2003). These levels are based on driver’s
preferredlast-second braking and steering levels. UsiegdAMP data, two conflict types and
two TTC-Range rate thresholds were defined whiopether, establish the four conflict intensity
levels. Appendix C defines these conflict inteptatvels.

The following two conflict types were defined fra@AMP data for the ACAS analysis:

1. Conflicts CAMP scenarios where drivers were instructedrédk® or steer at the last-
second at aomfortableacceleration level.

2. Near crashesCAMP scenarios where drivers were instructedrédk® or steer at the
last-second at bard acceleration level. Near crashes are severe ctnélnd are,
thus, subsets of all conflicts.

The following two TTC-Range rate thresholds wergrael from CAMP data for the ACAS
analysis:

1. Low intensity Quantified by TTC versus range rate diagramsvadrirom CAMP’s
50 percentile data for LVS, LVM, LVA scenarios, a8BAMP’s 85 percentile data for
the LVD scenario. The 85 percentile was seleabedhfe LVD scenario in order to
set consistent TTC boundary across the scenaridesahg speeds 5 m/s, as
illustrated in Appendix C. The 50 percentile datéhe LVD scenario yielded much
higher values of the TTC boundary.

2. High intensity Quantified by TTC versus range rate diagramsvedrirom CAMP’s
95 percentile data for LVS, LVM, LVA, and LVD sceras.

Combining the above definitions resulted in thédf@ing four conflict intensity levels, in order
of increasing intensity, which were used for theA&Csafety analysis:

1. Low-intensity conflicts
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2. High intensity conflicts
3. Low-intensity near-crashes
4. High intensity near-crashes

It should be noted that the low-and high-intenktels of conflicts and near-crashes reflect the
selection thresholds based on TTC and not the mvieltensity of driver response to driving
conflicts and near-crashes (e.g., reaction timekdpressure).

To include a conflict in the analysis, the intepsével criteria must be met for a time period
exceeding 1 second and the ACAS vehicle speed lbeuster 5 m/s5 11 mph) at the time the
criteria are met. In addition, there must be aaffivehicle response to the conflict such as slow
down (releasing accelerator), brake or autobraltes thange, or combinations of these
responses. A driver response was necessarydpdilit targets picked up by the radar, which
were not in the path of the ACAS vehicle. Thigasion may result in missing some “conflicts”
as defined in the report, such as cases whereithex does not react (or reacts late) and the
“conflict” resolves itself (e.g., lane change by fead vehicle) without a crash occurring.

During a single approach to a target or lead vehitle host vehicle may cross in and out of a
conflict boundary. This event is counted as alsidgving conflict as long as the host vehicle is
still closing in on the same target or lead vehidfehe host vehicle first crosses the conflict
boundary and later the near-crash boundary dursiggie approach to the same target or lead
vehicle, then a conflict, and a near-crash arerdszb Thus, near-crashes are subsets of
conflicts.

The following measures of performance (MOPs) wetected for analysis of driver exposure to
driving conflicts:

1. MOP1: Number of high and low-intensity confligtsr 100 km traveled
2. MOP2: Number of high and low-intensity near-besper 100 km traveled

This part of the analysis of driver exposure toflicis did not distinguish between the specific
rear-end pre-crash scenarios (LVS, LVM, LVD, or LWAThus, the conflicts (and near-crashes)
identified encompassed all rear-end scenarios s&uent analyses of driver response to
conflicts in Section 4.2.2 examined conflicts bedfic rear-end scenario. The driver exposure
to conflicts analysis also did not examine the sspaeffects of FCW and ACC since they
function as an integrated system. For instance; A€orporates a warning function (different
alert timing from FCW alone) when it is operatiandMoreover, the ACAS toggles between
ACC, FCW, and manual mode as the driver intermilyebrakes and re-engages ACC in
response to various driving conflicts.

The conflict exposure analysis was conducted iedlstages. The first stage of the analysis
determined if drivers experienced differences ipasure to driving conflicts as they: (1) gained
familiarity with the new ACAS vehicle, and (2) expeented with and learned how to use the
FCW and ACC functions. This analysis was necessadgtermine if early portions of the data
were atypical of longer-range use patterns ancttber biased and not appropriate for the safety
analysis. Results of the first stage of investayatire discussed in Section 4.2.1.1.
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The second stage of investigation determined dtdsiver exposure to driving conflicts, both
with and without the assistance of ACAS, underedléht driving conditions. This investigation
basically compared rates of conflict exposure betwite first week of the FOT when ACAS
was disabled and periods from the next three weslesy ACAS was enabled. Results of the
second stage of investigation are discussed indpe4i2.1.2.

The third stage of investigation developed estisiateACAS’s ability to reduce driver exposure
to driving conflicts under different driving condihs. This investigation resulted in
guantification of the ACAS exposure effectivendss,in Equation 4 above, for different
conditions of the driving environment. These resale discussed in Sections 4.2.1.3 and
4.2.1.4.

4.2.1.1 Impact of New Vehicle Familiarity and ACASExperimentation

Familiarity with New Vehicle

This analysis examines if the process of drivaagiifiarization with the new ACAS vehicle
affected their exposure to conflicts. The analisisonducted by comparing the rate of driver
exposure to conflicts between the first half antbee half of the distance driven during the first
week of experience with the new ACAS vehicle. At@AS was disabled during the entire first-
week period. The distances traveled for the twadsaof the first week were computed by
rounding to the nearest whole trip; thus, the tatvés are not exactly equal. The period during
which the first half of the distance was travelathvACAS disabled is referred to as Period 1
and the second half as Period 2. The effectsieédage and gender on conflict exposure during
Periods 1 and 2 were examined as well.

Table 4-1 shows the results of the familiarizatgmalysis. Each cell contains the average and
standard deviation values of the conflict rate (MQd MOP2). The conflict rates for each
category are computed by averaging the averagdictaiate for each driver included in that
category. This approach gives equal weight to elaicler ensuring that individual drivers will
not bias the results; however, the data set avaifab statistical analysis is more limited. The p
value is also provided for each pair of adjacemid@el and Period 2 cells using the 2-sided t-
test for difference in mean values. Comparisonsooflict rates between Periods 1 and 2 that
result in a p-value of .05 or less are considetatissically significant and are indicated in the
table as shaded cells. It should be noted thatdielntensity Conflict (MOP1) category fall
drivers contains the largest data set and is the¥efonsidered the most robust indicator of
overall driving performance. The table indicatesconsistent significant difference in driver
conflict rates between Periods 1 and 2. Theralagbtly higher conflict exposure rates during
Period 2, which are reflected in those four categathat have significant differences. The
slightly higher rates of conflicts in Period 2 midie due to an increased familiarization with the
vehicle; drivers may be more comfortable with theAS vehicle and therefore more aggressive
in their driving behavior. It was concluded, basedhese results, that both Periods 1 and 2
were sufficiently similar that they should be ussda combined data set in subsequent analyses
of driver exposure to conflicts.
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Table 4-1. Conflict Exposure Rates for Period 1 vsus Period 2

Low Intensity High I ntensity
MOP1 MOP2 MOP1 MOP2
(Conflicts/100Km) (Near Crashes/100Km (Conflicts/100Km) (Near Crashes/100Km
Age Period 1 | Period 2 Period 1 | Period 2 Period 1 | Period 2 Period 1 | Period 2
and Std Std Std Std Std Std Std Std
Gender JAvg| Dev|Avg| Devl p |Avg|Dev|Avg|Dev| p JAvg|Dev|AvglDev| p JAvg|DevlAvglDev|l p
All 33.0 19.0 36.F 2316 0.4 10.4 T.7 1p.5 10.9 9.04 [17.5]11.2|20.9 0.04 2.Y 3.p 2{7 2|5 0.p7
Male 30.3 19.1 33.p 22}2 0.36 9.9 4.1 1p.5 140.4 (11.63 16.1111.8]14.40.3q 2.2 2J 2]1 2|2 0.67
Female 135.9 18.3 40.p 2416 0.26 13.0 7.4 145 11.1 ‘).02 18.8110.6/ 28.9 0.1Q 3.2 3J 33 2}7 0.B3
Younger|33.2 Zl.é 35.F 24|13 0.45 10.2 $.3 1p.6 12.9 I).l? 16.8111.9]16.4 0.2¢ 2.3 2| 28 3J2 0.7
Middle ]33.§ 16.2 44.5 20}4 0.3 11.3 1.5 14.9 [8.6 6.08 18.1]10.2|122.40.04 2.5 1B 3P 1]9 0.p8
Older 32.3 19.% 30.p 245 o.zls 97 1.6 p.9 10.6 (i.91 17.6111.9]17.908 3.2 4P 2p 22 0.22

Experimentation and Learning with ACAS

This analysis examines if the process of drivessri;eg how to use ACAS, including possible
experimentation with ACAS, affected driver expostoreonflicts. ACAS experimentation
could include such behaviors as deliberately téigaso as to provoke ACAS into issuing a
warning and thereby acquiring a better understandirwhen to expect future warnings. The
analysis is conducted by comparing the rate ofedréxposure to conflicts between the first half
and second half of the distance driven during ithe three weeks of the FOT when ACAS was
enabled. The distances traveled for the two haleys computed in the same manner as the
familiarization analysis discussed above. Theqgueduring which the first half of the distance
was traveled is referred to as Period 3 and thergkbalf as Period 4. The effects of driver age
and gender on conflict exposure during PeriodsBdawere examined as well.

The results of the learning and experimentationyaisaare shown in Table 4-2, which is
constructed in a similar manner as Table 4-1. Reshow a consistent decreased exposure to
conflicts during Period 4 compared to Period 3 eetwall driver and conflict-level categories.
This decrease is statistically significant for daeegory ofall drivers as well amaledrivers. It

is also significant for the categoryydungerdrivers for all but the most severe conflicts leve
(high intensity near-crashes). These results glyandicate that drivers’ behavior changed
between Periods 3 and 4. The higher conflict expogate in Period 3 may be attributed to a
combination of both learning and experimentati®egarding the relative propensity of different
age and gender groups to experiment with ACAS, iiateworthy that only the subgroups of
malesandyoungershowed a significant difference between Perioda@4. Based on these
results, Period 3 was not considered representatil@g-term driving behavior and was,
therefore, not included in most subsequent analysdaver exposure to conflicts. This is an
important finding and should be considered in dasig future FOTs. Possibly more free time is
necessary to have the subjects experiment witle theganced systems before initiating data
collection. On the other hand, if data were caéldaarly in the treatment (with ACAS) period,
caution should be exercised in analyzing the dallacted in the early time frames.
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Table 4-2. Conflict Exposure Rates for Period 3 yeus Period 4

Low I ntensity High I ntensity
MOP1 MOP2 MOP1 MOP2
(Conflicts/100Km) (Near Crashes/100Km (Conflicts/100Km) (Near Crashes/100Km
Age Period 3 | Period 4 Period 3 | Period 4 Period 3 | Period 4 Period 3 | Period 4
and Std Std Std Std Std Std Std Std
Gender JAvg| Dev|Avg| Devl p JAvg|Dev|Avg|Dev| p JAvg|Dev|AvglDev| p JAvg|DevlAvg|Dev|l p
All 33.919.2 28.4 1712 0.1 130 7.3 P.1 6.1 9.02 18.4]11.0]{158{0®4 2.5 2.9 2f 1I5 0.05
Male 33.4 17.1 26.5 15l0 0.42 1d.8 6.7 B.1 ks 4.01 18.5 [10.6]142 009 2.4 29 1B 1lo 0.2
Female ]34.4 21.3 30.p 193 0.33 13.1 1.9 1p.1 (7.1 6.36 18.4111.6/16.9 0.3 2.4 2p 2B 1]9 0.f7
Younger|37.9 17.4 28.8 18/8 0.2 134 .4 pP.8 6.6 ¢.03 P0.2 110.1|15.3 004 2.7 2.p 2p 1|6 0.16
Middle ]35.0 20.3 32.p 13j2 0.41 13.4 7.8 1p.5 |4.7 (').53 19.1|11.5{17.8 064 2.3 2.p 2pb 1J2 0.1
Older 29.3 19.¢ 23.5 1855 0.17 91 45 y.1 B.5Q.15 1591114 12.9| Q2 Z.d 14 1p 1|6 0.16

Summary — Impact of New Vehicle Familiarity and SAdXperimentation

Period 2 has slightly higher conflict exposure sdtean Period 1; however, it was concluded that
Periods 1 and 2 are sufficiently similar that tisepuld be combined for analyses of driver
exposure to conflicts. The slightly higher rate$eriod 2 are attributed to increased
familiarization with the ACAS vehicle resulting less conservative driving behavior.

Period 3 shows greater exposure to conflicts treaio® 4 between all driver and conflict-level
categories. These results strongly indicate thaers’ behavior changed between Periods 3 and
4. The change may be attributed to a combinatiariger learning and experimentation with
ACAS. Based on these results, Period 3 was natidered representative of long-term driving
behavior and was not included in analyses of dexgrosure to conflicts.

4.2.1.2 Impact of ACAS on Exposure to Driving Conftts

Impact of ACAS on Overall Exposure to Driving Cotdl Independent of Driving Conditions

This analysis determines if ACAS reduced the oVergbosure of subjects to driving conflicts
independent of the different driving conditions i&dwerized by lighting (ambient light), road
type, weather, and traffic state. The analysigally compares exposure to conflicts between the
ACAS-Disabled test period (Periods 1 and 2) andNGAS-Enabled test period (Periods 3 and
4). The analysis is then repeated by comparingrdyiwith ACAS disabled (Periods 1 and 2) to
driving with ACAS enabled in Period 4 only, the iperconsidered most representative of long-
term ACAS driving.

Table 4-3 shows the results of the Periods 1 avetus Periods 3 and 4 comparisons. The
results show a generally consistent lower exposuoenflicts during Periods 3 and 4. This
lower exposure is statistically significant for ttetegories ofemale(high intensity near-crashes
only) andmiddle-age(all conflicts except high-intensity near-crasheshemale (high intensity
near-crash) is the only category that shows agmifstant increase in exposure.
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Table 4-3. Conflict Exposure Rates for Periods 1ral 2 versus Periods 3 and 4

Low I ntensity High Intensity
MOP1 MOP2 MOP1 MOP2
(Conflicts/100Km) (Near Crashes/100Km)]  (Conflicts/100Km) (Near Crashes/100Km)
Periods | Periods Periods | Periods Periods | Periods Periods | Periods
1&2 3&4 1&2 3&4 1&2 3&4 1&2 3&4
ACAS | ACAS ACAS | ACAS ACAS | ACAS ACAS | ACAS
Disabled | Enabled Disabled | Enabled Disabled | Enabled Disabled | Enabled
Age and| Std Std Std Std Std Std Std Std
Gender Avg|Dev|Avg|Dev| p JAvg|Dev]Avg|Devl p JAvg|Dev|Avg|Dev] p |Avg|DevlAvg|Dev| p
All 34.919.3 30.p 159 0.7 11.4 $.7 1p.0 6.0 ¢.07 [18.8]12.0]16809d 2.% 2.1 2B 1|5 0.%0
Male 31.9 19.2 29.Fy 137 041 10.2 $.6 p.4 |5.1 §.46 L7.0[12.3|16.90&%4 2.1 1.9 2.p 1{3 0.T8
Female |37.2119.3 32.11 18/0 0.9 14.6 $.7 1D.6 6.8 §.08 P0.6]|11.6|17.9 094 3.0 2.8 2B 1|7 0.3
Younger 134.3 21.9 32.p 16/5 0.45 11.4 19.2 11.0 |6.6 ‘).72 18.2112.9]19.31 0.74 2.6 2.f 24 1|7 0.3
Middle }39.7 14.7 33.p 14J3 0.3 13.3 6.6 1L.0 |54 ¢.05 P1.5] 9.4]183 009 2.9 1.p 2p 1]4 0.46
Older 29.6 20.9 26.B 1655 0.46 95 89 80 b.7 (|.36 16.6 [13.3]14.4]0914 2.2 2.0 1.F 12 0.32

Table 4-4 shows the results for the Periods 1 aner@us Period 4 only comparisons. The
results are consistent with those presented alwoVable 4-3however, reduced driver exposure
to conflicts when ACAS is enabled is consistentdibicategories with no exceptions.
Furthermore, the reduction in driver exposure taflocts is statistically significant for the set of
all drivers across all conflict severity levels. Assuag that Period 4 is the most representative
of long-term ACAS driving behavior, these resuitdicate that use of ACAS will reduce
exposure to conflicts for drivers and driving cdradis overall.

Further illustrating the impact of ACAS on reduciposure to conflicts, Figure 4-2 presents
the distribution of conflict rates for all subjeetith ACAS-Disabled and ACAS-Enabled.

Figure 4-3 presents the same information as a atmaldistribution. The figures present rates
for low-intensity conflicts fomll subjects and all driving conditions. This infottioa is the

same as that summarized in Table 4-4 above faalttgroup, low-intensity conflicts. By
observing Figure 4-2, it can be seen that the noé#me two distributions is approximately 30
conflicts per 100 Km, which agrees with the avenades presented in Table 4-4 for low-
intensity conflicts (34.5 for ACAS-Disabled and 28or ACAS-Enabled). As both figures
show, the effect of ACAS is to shift the distritartiof conflict rates to a lower average; i.e., with
ACAS a larger percent of subjects have lower confiates. For example, as illustrated in the
cumulative distribution, approximately 95.5 percehsubjects with ACAS-Disabled have rates
lower than 70 conflicts per 100 Km; whereas, thees@ercent of subjects with ACAS-Enabled
have rates lower than 60 conflicts per 100 Km. reégped differently, no subjects with ACAS-
Enabled have rates greater than 70 conflicts p@iKif; whereas, with ACAS-Disabled 5
percent of subjects have rates greater than 70ictsnder 100 Km. Similar distributions have
been prepared for all intensity levels, subjecugs) and driving conditions. These distributions
are presented in Appendix D for reference.

4-10



Table 4-4. Conflict Exposure Rates for Periods 1ral 2 versus Period 4

Low I ntensity High Intensity
MOP1 MOP2 MOP1 MOP2
(Conflicts/100Km) (Near Crashes/100Km)|]  (Conflicts/100Km) (Near Crashes/100Km)
Periods Periods Periods Periods
1& 2 |Period4 1& 2 | Period4 1& 2 | Period4 1& 2 |Period4
ACAS ACAS ACAS ACAS ACAS ACAS ACAS ACAS
Disabled | Enabled Disabled | Enabled Disabled | Enabled Disabled | Enabled
Age and| Std Std Std Std Std Std Std Std
Gender JAvg] DeviAvgl Devl p JAvglDeviAvg|Dev] p JAvg|DevfAvg|Dev] p JAvg|Dev|Avg|Dev| p
All 345193284 17]2 0.01 114 8.7 DB.1 |6.1 ¢.01 18.8[12.0]156/0®m4 2.5 2.1 20 1I5 0.05
Male 31.a 19.2 26.p 15J0 0.6 1Q.2 8.6 B.1 K4.8 6.09 E?.O 12.3 14.2 033 2.1 1.5 1.5 1]0 0.38
Female §37.2419.3 30.P 19]3 O.(l7 lj.6 t.? 1p.1 7.1 #.07 P0.6111.6 16.Q 004 3. Z.E 2.|§ 1|9 0.07
Younger34.3 21.0 28.8 18J8 0.13 114 1p.2 P.8 16.6 ¢9.31 [18.2]12.9 16.a 24 26 2y 2] 1|6 0.41
Middle §39.7 14.7 32.p 13J2 0.07 13.3 6.6 1D.5 |4.7 6.06 P1.5] 9.4 l7.3| 009 29 1% 2b 1J2 0.26
older _129.20.9 235 185 042 d5 $9 }.1 b.5 4.16 16.6 13.3[129/aed 2.2 20 15 1l6 0.9
O ACAS Disabledm ACAS Enabled
30%
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Figure 4-2. Distribution of Low-Intensity Conflicts, All Conditions, All Subjects, Periods 1
and 2 versus Period 4
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Figure 4-3. Cumulative Distribution of Low-Intensity Conflicts, All Conditions, All
Subjects, Periods 1 and 2 versus Period 4

Impact of ACAS on Exposure to Driving ConflictsAmgbient Light Conditions (Light and Dark)

This analysis determines if ACAS reduces the expostisubjects to driving conflicts in
ambient light conditions of light and dark. Exposwith ACAS disabled (Periods 1 and 2) is
compared to exposure with ACAS enabled (Periodly) dor these two conditions. For this
analysis and additional analyses of the other migicionditions discussed below, subjects were
eliminated who did not encounter any conflict oamerash while driving with either ACAS
disabled or ACAS enabled. Also, subjects werewadadi who did not travel at least 1 km in a
trip under a driving condition being investigatethese exclusions ensured that very short trips,
unlikely to experience typical exposures, did naskihe analysis. Moreover, the 1 km criterion
was considered adequate for this analysis espewabn examining driving conflicts in heavy
traffic. Analyses conducted on data sets thataioréss than 10 subjects are not considered
statistically valid and are not shown in the resulfhe number of subjects analyzed for each
subject group/conflict intensity level categoryridicated in the “Subj” column in the following
tables. The results for analyses of driving in snblight conditions of light and dark are shown
in Table 4-5 for low-intensity conflicts and Taldleé5 for high-intensity conflicts.

Table 4-5 and Table 4-6 both reflect lower exposareonflicts with ACAS enabled than with
ACAS disabled under both light and dark conditioitéis lower exposure for light conditions is
consistent for all subject groups and conflict insi¢y level categories. Furthermore, it is
statistically significant for thall andmiddle-agesubject groups for low-intensity conflicts and
for theall subject group for high-intensity conflicts. Thmtlency of lower exposure fdark
conditions is the same as 1ght conditions with one minor exceptioalder group, low-
intensity conflicts). There are, however, no categs under dark conditions that have
statistically significant results. Driving in dacknditions comprises only about 26 percent of
driving and this lack of data likely contributesthee non-significance of the results for dark
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conditions. As shown in Table 4-5 and Table 4h6é,number of subjects for dark conditions is
relatively few witholder drivers having the fewest number of subjects (leas 10 subjects in
the high-intensity near-crash category). Thisltasiconsistent with exposure analyses that
showolder drivers drove the least in dark conditions.

Compared to baseline results for the aggregaté dfiging, independent of driving condition

(see Table 4-4), the results for light conditiohew consistent agreement in rates of exposure to
conflicts. The exposure rates for light conditiomgwever, are slightly higher than for aggregate
driving in all 47 subject group/conflict intensigvel/ACAS Status categories for which

sufficient data were available for analysis. Theisult is consistent with higher traffic densities
being encountered during daytime, light conditioRsr dark conditions, 19 out of the 23 subject
group/conflict intensity level categories with ACAI&abled and 17 out of the 23 categories with
ACAS enabled generally show slightly lower confletels than aggregate driving.

Comparing light conditions to dark conditions, aincbe seen that the exposure rates for dark
conditions are, expectedly, slightly lower in megbject group/conflict intensity level
categories. In the 23 categories for which swgfitidata were available for analysis of dark
conditions, the exposure rates were lower in 2h WCAS disabled and 22 ACAS enabled. For
dark conditions, there is general reduction in exjpe to conflicts with ACAS enabled; however,
even for the most robust categoryatlf subjects, the reduction is not statistically digant and
there is an exception to this reduction in 1 otaBgories. This contrasts with light conditions,
which does have a statistically significant redoretin exposure to conflicts with ACAS enabled
for all andmiddle-agesubjects and there are no exceptions to this tedtuim any categories.
This suggests that ACAS might have less abilitsetuce conflict exposure for dark conditions
than for light conditions. This observation forklaonditions, not being based on statistically
significant results, should, therefore, be intetgaeavith caution.

In conclusion, the results indicate that use of A3&ill reduce exposure to conflicts for drivers
overall when driving in light conditions. For dimg in dark conditions, ACAS also appears to
have some ability to reduce exposure to conflistsyever, it is not possible to make reliable
conclusions regarding this ability for all driver§hus, there is a need for more night driving in
future FOTs with and without the assistance offteagidance systems.
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Table 4-5. Low-Intensity Conflict Exposure Ratesdr ACAS Disabled versus ACAS-
Enabled by Light and Dark Conditions

LOW INTENSITY

4-14

MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land2 Period 4 land2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj D Avg | Dev | Avg | Dev | Subj p
All 36.9d 198 30.9 19.0 66 0.016 14.5 .9 1p.2 6.9 66 0]019
Male 34.4| 199 29.¢ 16.p 3B 0.084 11.3 .8 D.5 6.0 33 0Jo93
Light Female 39,3 20.10 322 21B 3B 0.048 137 .9 11.0 7.7 33 0098
Younger 36.7 21.00 33.2 21.8 2p 0334 144 191 1.3 7.7 22 0}485
Middle 431 153 351 15.p 2p 0.049 1§.0 $.9 1[.5 5.2 22 0]033
Older 30. 214 24% 186 2p 0.232 14.1 .1 B.0 7.3 22 0]239
All 29.4 21. 27.p 204 41 0.4b0 ).5 D.0 8.5 7.3 51 (0461
Male 25.71 20.2 24p 148 31 0.7f8 .7 1p.0 6.8 4.2 25 (1339
Dark Female 33.71 23.0 30.p 248 30 0.4p2 19.2 B.0 10.1 9.2 26 (.963
Younger 33.21 253 26.p 246 41 0.2p6 11.1 11.4 130.0 9.3 18 (.700
Middle 32.3 19.8 31 17)9 41 0.8]8 .5 B.2 0.2 6.4 21 0884
Older 22.94 18. 23.F 18J0 19 0.8p2 1.1 b.8 5.0 4.1 12 01180



Table 4-6. High-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by Light and Dark Conditions

HIGH INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land?2 Period 4 land?2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj P
IAII 201 122 17. 1018 6 0.94 3.0 25 p.4 11.8 63 D.04
Male 18. 12. 16.p 9}5 33 0.20 3.7 0.4 IZ.l 1.4 31 ¢9.19
Light Female 219 121 178 120 33 0. 3 b5 |g.6 2 132 p11
Younger 19.3 128 178 113 32 0. 3.2 3.2 p.7 2.3 21 D.39
Middle 23.6 9.3 19.8 i 22 O.tl 3.5 9.09
Older 17.4 13.1} 13.p 5 42 0. 1.4 D.30
All 16.4 13.94 14.¥ 57 0. 2.6 D.09
Male 13.6  13.1 12.b 30 0.70 1.8 20 .39
Dark Female 19.5 13} 17.D 47 044 3.4 . 19 D.15
Younger 19.3 15.7 15,6 135 19  0.B0 3.6 .4 P.0 2.3 16 D.23
Middle 169 132 155 10l 41 oy1 27 b0 pP3 116 16 p.47
Older 124 124 12b 9 17 0.99

Impact of ACAS on Exposure to Driving ConflictdRmad Type (Freeway and Non-Freeway)

This analysis determines if ACAS reduces the expostisubjects to driving conflicts on
freeways and non-freeways. The results are showiable 4-7 for low-intensity conflicts and
Table 4-8 for high-intensity conflicts.

Both Table 4-7 and Table 4-8 generally reflect Ioexposure to conflicts with ACAS enabled
than with ACAS disabled for both freeway and nogefvay driving. Lower exposure for
freeways is consistent for all subject groups andlict intensity levels categories investigated.
Furthermore, it is statistically significant forethll subject group, low-intensity conflicts (MOP1
and MOP2) and high-intensity conflicts (MOP1). $&ehree conflict intensity levels are the
only ones for which sufficient data were availalol@nalyze. Lower exposure to conflicts on
freeways is also significant for timeale subject group, low-intensity conflicts (MOP1 only)

Lower exposure to conflicts for non-freeways ioaenerally consistent with ACAS enabled
than with ACAS disabled, but this decreased in eyp®is not statistically significant. There
are also exceptions to the lower exposure observati3 of the 24 subject group/conflict
intensity level categories, all involvingungerdrivers.
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Compared to baseline results for the aggregat# dfiging (see Table 4-4), freeway driving
consistently shows lower exposures to conflictalir86é subject group/conflict intensity
level/ACAS Status categories for which sufficieatalwere available for analysis. This result is
consistent with lower traffic densities being entewed on freeways compared to all other road
types. For non-freeway driving, the results shoucmhigher exposures to conflicts. This result
is consistent with higher traffic densities beimge@untered on non-freeways than freeways.

Comparing freeway driving to non-freeway drivingcan be seen that exposures to conflicts for
freeways are, expectedly, much lower in all redpedubject group/conflict intensity level/
ACAS Status categories. For non-freeway drivihgre is general reduction in exposure to
conflicts with ACAS enabled; however, even for thest robust category all subjects, the
reduction is not statistically significant and thés an exception to this reduction in 3 of 24
categories. This contrasts with freeway drivingjek does have a statistically significant
reduction in exposure to conflicts with ACAS enabfer all subjects and there are no
exceptions to this reduction in any categoriesis Shggests that ACAS might have less ability
to reduce conflict exposure for non-freeway drivingn for freeway driving. This observation
for non-freeways, not being based on statisticgfipificant results, should, therefore, be
interpreted with caution.

In conclusion, the results indicate that use of A3kl reduce exposure to conflicts for drivers
overall when driving on freeways. For driving aonrAfreeways, ACAS also appears to have
some ability to reduce exposure to conflicts; hosveit is not possible to draw reliable
conclusions regarding this ability for all drivers.
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Table 4-7. Low-Intensity Conflict Exposure Ratesdr ACAS-Disabled versus ACAS-
Enabled by Road Type

LOW INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land?2 Period 4 land2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj p
All 4.7] 5.3 3.3 3.p 40  0.44 15 17 .0 D.9 30 _q.04
Male 4.4 4.9 2.1 2.8 26 045 142 13 9 D.7 16 (.28
Erzmy Female 5.0 5.4 4.3 3.9 2B 042 1.8 3.0 .1 1.0 14 Q.08
Younger 5.1 5.3 3. 3.5 1P 0434 16 17 .0 1.0 12 (.13
Middle 6.0 6.9 4.4 3.6 b 033 21 1.9 .2 D.9 11 Q.13
Older 3.0 3.4 1.4 1.8 1p 042
All 61. 29.0 58.8 2819 46 0.34 6
Male 55.4 25.6 53.p 20J3 33 0.69 .0
Non Female 670 3143 625 3513 33 0.37 3
Freeway |Younger 649 342 675 310 32 0.Jo 0.3 43.
Middle 66.4 254 59.8 28)2 32 0.10 5 . 40.
Older 521 253 475 24J8 42 042 1¢.1 1.2 13.9 8.3 22 0.30
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Table 4-8. High-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by Road Type

HIGH INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land?2 Period 4 land?2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj p
All 2.1 1.9 1.4 1.4 3L 0.44
Male 1.9 1.4 1.1 0.9 17 0.10
ey Female 2.4 2.5 1.7 1.8 14 0.42
Younger 2.2 1.4 1. 2.9 1p  0.46
Middle 2.5 2. 1. 1.0 1p 0.940
Older |
All 34.] 191 32p 16/7 46 0.B5 4.9 B.9 h.4 3.3 64 p.24
Male 30, 17.% 296 120 33 0.83 4.0 B.2 B.7 1.8 32 p.64
Non [Female 37.9 20. 34.p 202 33 0.p9 5.8 1.4 b.1 4.2 32 p.25
Freeway lYounger 36. 231 37 169 42 0.9 5.5 b.4 b.1 3.2 21 D.63
Middle 37 16.§ 334 173 42 0.]1 5.2 B.3 b.1 3.9 22 P.80
Older 28.4 16.3 26 14)6 412 0.45 9 .5 B.1 1.9 21  D.16

Impact of ACAS on Exposure to Driving ConflictsMgather Conditions (Clear and Adverse)

This analysis determines if ACAS reduces the exposetisubjects to driving conflicts in clear
and adverse weather conditions. Weather was fitabsis either clear or adverse as determined
by activation of the windshield wipers. Table 418 Table 4-10 show the results respectively
for low-intensity and high-intensity conflicts.

Both Table 4-9 and Table 4-10 generally reflectdoexposure to conflicts with ACAS enabled
than with ACAS disabled under clear conditions.isTlawer exposure for clear conditions is
consistent for all subject groups and conflict insi¢y level categories. Furthermore, this result i
statistically significant for thall subject group, low-intensity conflicts (MOP1 an®®M2), and
high-intensity conflicts (MOP1 only).

Under adverse conditions, the rates of exposucendlicts are higher with ACAS enabled than
with ACAS disabled in 9 of the 13 subject groupMtiochintensity level categories for which
sufficient data were available to analyze. Theecadso no categories under adverse conditions
that have statistically significant results. Dngiin adverse conditions comprises only about 8
percent of driving and this lack of data likely tidioutes to the inconsistency and non-
significance of the results for adverse conditioAs.shown in Table 4-9 and Table 4-10, the
number of subjects for adverse conditions is neddfifew with 11 of 24 categories having less
than 10 subjects.
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Compared to baseline results for the aggregat# dfiging, independent of driving condition
(see Table 4-4), the rates of exposure to confia@tslear conditions are generally similar; of the
48 subject group/conflict intensity level/ACAS Sisicategories, 29 are slightly higher, 7 are
equal, and 12 are slightly less. For adverse ¢immdi the rates of exposure to conflicts are
generally slightly higher than for aggregate driyinf 26 subject group/conflict intensity
level/ACAS Status categories, 23 are slightly higired 3 are slightly less.

Comparing clear to adverse driving conditionsait e seen that exposures to conflicts for
adverse are slightly higher in most (11 of 13) ee$ive subject group/conflict intensity level/
ACAS Status categories.

For adverse conditions, there is no general rediidti exposure to conflicts with ACAS

enabled. In fact, in 9 of 13 categories availdbteanalysis, the conflict exposure rates increased
with ACAS enabled under adverse conditions. Intaatd even for the most robust category of
all subjects, there is no reduction that is statilyicagnificant. This contrasts with clear
conditions, which does have a statistically siguaifit reduction in exposure to conflicts with
ACAS enabled foall subjects and there are no exceptions to this texium any categories.

This suggests that ACAS might have less abilitsettuce conflict exposure for adverse
conditions than for clear conditions. This obsé&orafor adverse conditions, however, not being
based on statistically significant results, shdagdnterpreted with caution.

In conclusion, the results indicate that use of AC&ill reduce exposure to conflicts for drivers
overall when driving in clear conditions. For dng in adverse conditions, reliable conclusions
cannot be made regarding the ability of ACAS taumaexposure to conflicts. Thus, it is
desirable to obtain more driving in adverse weatioaditions in future FOTs with and without
crash avoidance systems even though it is hardritya for such conditions in FOT design.
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Table 4-9. Low-Intensity Conflict Exposure Ratesdr ACAS-Disabled versus ACAS-
Enabled by Weather Condition

LOW INTENSITY

MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land?2 Period 4 land?2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj p
Al 343 191 28B 186 ds 03 115 B6 b2 |64 |66 Doz
Male 3. 184 268 15 93 ofo 192 B3 Bo a8 [33 bos
Cloar |Eemale 371l 104 31h 21/ 43 ols 137 bBs doa |75 [33 pais
vounger | 35d 214 27b 18ls 42 of7 1l9 1p5s Jo3 |67 |22 pis
Middle 384 141 3ap 175 42 ops 128 b9 110 [55 |22 P20
Older 209 204 245 190 42 o3 946 B8 [4 66
Al 374 283 41, o 40 opo 150 165 68 199 0.73
Male 34d 282 368 307 44 o3 145 1B2 432 126 |14 Jos1
Adverce fEemale | 414 288 40f solo 16 o8 158 1ho d24 P78 0.49
Younger | 33.d 254 48k 48l {4 obr ds5 1p1 do1 P67 .24
Middle 464 313 42p 385 17 o8 195 b6 dra 176 |11 Jos1
older 259 233 30 286 9 047

Table 4-10. High-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by Weather Condition

HIGH INTENSITY

MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land?2 Period 4 land2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj p
All 189 12.¢  15.¢y 10J2 46 0.3 3.7 .4 P.1 1.5 64 Pp.06
Male 179 119 14.B 85 33 0.16 3.2 .8 1.8 1.0 32 .38
Clear Female 208 119 17p 11l6 33012 32 »8 P4 119 32__p.09
Younger 19.00 13.% 14p 102 22 0.11 3.0 B.4 p.2 1.6 21 Dp.16
Middle 21.0 8.9 184 8.b A2 0.26 4.8 15 p.6 1.3 22 .55
Older 16.71 132 13 114 22  0.33 2.3 .1 n.7 1.6 21 .27
All 20.8§ 19.8 22p 2301 33 0.y9 5.8 b.4 1.0 5.1 8 0.57
Male 189 1843 176 155 a1 0.83
Adverse Female 24. 22. 20.y  31[9 12 0.66
Younger 18.10 22.3 26.p 27{7 14 0.B3
Middle 1971 19.8 19p 202 17 0.97
Older
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ACAS Effect on Exposure to Driving Conflicts byfficd evel (Low, Moderate, and Heavy)

This analysis determines if ACAS reduces the exposiisubjects to driving conflicts in low,
moderate, and heavy traffic levels.

Both Table 4-11 and Table 4-12 generally illusttateer exposure to conflicts with ACAS
enabled than with ACAS disabled for low and modetedffic levels. This lower exposure for
low and moderate traffic is consistent for all ®dbjgroups and conflict intensity level
categories. For low traffic levels, however, toeér exposure is not statistically significant.
For moderate traffic levels, lower exposure isistighlly significant for the following
categories:

— All subject group, low-intensity conflicts (MOP1 an®H2)

— Femalesubject group, low-intensity conflicts (MOP1 and®M®2) and high-intensity
conflicts (MOP1 only)

— Youngersubject group, low-intensity conflicts (MOP1 only)

Heavy traffic results are less consistent in teofriswer exposure to conflicts with ACAS
enabled than with ACAS disabled. In 4 of the 18jsct group/conflict intensity level categories
available for analysis, there are exceptions. H@wnehere is statistically significant
consistency with lower exposure for the categomnafdleaged, low-intensity conflicts (MOP2
only) and high-intensity conflicts (MOP1 only). ing in heavy traffic comprises only about 3
percent of driving and this lack of data resulte® iof the 24 categories having fewer than 10
subjects available for analysis.

Compared to baseline results for the aggregaté dfiging, independent of driving condition
(see Table 4-4), the results for low traffic gefigrshow lower rates of exposure to conflicts

with exceptions in 10 of 48 categories (all exaapsiin the high-intensity near-crash category).
The exposure rates for moderate traffic are higjeam for aggregate driving in 47 of the 48
subject group/conflict intensity level/ACAS Statetegories (one category is equal). For heavy
traffic, the results show expected rates of exposuiconflicts that are much higher than
aggregate driving in all categories available foalgsis.

Comparing low, moderate, and heavy traffic resititsan be seen that, as expected, exposures to
conflicts increase with increasing traffic levets &ll respective subject group/conflict intensity
level/ACAS Status categories. For low traffic llsyeéhere is a consistent reduction in exposure
to conflicts with ACAS enabled; however, even foe most robust category all subjects, the
reduction is not statistically significant. Thack of statistical significance may be attributed t
the very low rates of exposure to conflicts enceted in low traffic levels. For moderate traffic
levels, there are statistically significant redaos in exposure to conflicts with ACAS enabled
for all, female andyoungersubject groups and there are no exceptions toddisction in any
categories. For heavy traffic levels, there ase abme statistically significant reductions in
exposure to conflicts with ACAS enabled farddle-agesubjects; however, there are exceptions
to this reduction in 4 out of 19 categories invotyyoungerandolder drivers. These results
suggest that ACAS has an ability to reduce condligiosure for a wide range of traffic levels;
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however, this ability might also vary by traffioskd. Without statistically reliable results fot al
traffic levels, however, this observation shouldrterpreted with caution.

In conclusion, the results indicate that use of AO&ill reduce exposure to conflicts for drivers
overall when driving in moderate traffic. The saooaclusion can be made for low and heavy
traffic levels, with somewhat less statistical gdahce.

Table 4-11. Low-Intensity Conflict Exposure Ratesor ACAS-Disabled versus ACAS-
Enabled by Traffic Level

LOW INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods

land?2 Period 4 land?2 Period 4

ACAS ACAS ACAS ACAS

Age Disabled Enabled Disabled Enabled

and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj Avg | Dev | Avg | Dev | Subj p

All 217 15.0 194 14f1 46016 80 6 B9 |59 65 P.12
Male 194 12.4 16D 10)9 33 op5 67 65 PpB3 [3.3 33 p.14
Low Female 243 169 21p 1644 33 o7 94 84 B5 |74 32 D42
Traffic  Jyounger 21.9 173 200 1644 42 o0%1 83 1po 7 |71 22 p.69
Middle 254 144 22p 12f0 42 0Bl 91 1 B1 |55 22 .42
Older 179 121 158 1 32 0. 5 n6 4.4 21 D.09
All 53.7  27.( g 14.0 103 64 |0.01
Male 494 23.3 ] 13.9 ]9.2 32 .38
Moderate |Female 58.3 30.¢ 3 141 114 32 |0.01
Traffic  |younger 56.0 22.1 . 136 |83 |20 [p.o6
Middle 55.9 30.] y 158 |87 22 0.13
Older 49.1 28.¢ y 125 13.1 22 |0.30
All 151.4 60.6 1454 75[7 66 0p2 4h2 25 389 Ppov 56_[0.30
Male 155.4 62.2 1441 78l6 3 op8 4p6 6.1 384 D07 27 |o.18
Heavy |Female 1471 59.6 146)7 73|9 3 0ps 4p0 252 394 B6.5 29 |0.75
Traffic  lyounger | 133.4 49.9 1635 894 22 0p0o 4p6 2.3 429 P2.0 17 |o.78
Middle 161.4 49.6 143B 53|7 ?2 o0p2 518 239 336 P0.0 20 |o.00
Older 158.9 76.9 1294 791 22 0J9 3p5 P8 410 423 19 [0.90
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Table 4-12. High-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by Traffic Level

HIGH INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km
Periods Periods
land2 Period 4 land2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj p Avg | Dev | Avg | Dev | Subj p
All 13.4 10.1 11y 90 g6 0.12 17 p.4 p.2 1.9 60 ¢.07
Male 11.3 9.( 9.7 6.p 3B 0.19 1 1.6 .7 1.1 31 .20
Low Female 154 119 13 109 33 0.6 3.4 p.8 P.8 2.4 29 D.20
Traffic  |younger 13.71 13.3 126 10J8 32 0.p4 2.9 8.3 P.4 2.4 21 .37
Middle 15.3 9.4 134 74 22 0.28 4.8 15 P.6 1.7 22 (.57
Older 11.0 8.1 9.1 L 22 0.36 .4 2.0 1.6 1.4 17 A1

All 284 163 244 171 46 098 34 P29 p6 |21 |49 p.os
Male 258 161 248 145 33 o5 33 b8 p5 [16 [25 P24

Moderate |Female 3.0 164 23p 19f7r 33 op4 35 B0 p7 |25 |24 P20
Traffic  Jyounger 281 12.9 22 130 42 012 32 B3 Pp2 16 15 .30
Middle 299 164 27p 185 22 o1 35 Bo B3 |26 |19 P76

Older 273 192 23p 19/ 22 of6 34 p4 b2 7 |15 pa2

Al 624 3184 596 366 42 o$s 107 B1 63 |44 |12 Dpa7
Male 639 304 595 310 3o o.ps
Heavy |Female 61.0 338 598 417 32091
Traffic  |younger 510 293 62f 32[3 20 0.3
Middle 71.9 29.0 54F 239 22 094
Older 63.3 349 62p 508 40 093

ACAS Effect on Exposure to Driving Conflicts by ACAehicle Speed (< 25 mph, 25 mph to 35
mph,=>35 mph)

This analysis determines if ACAS reduces the expostisubjects to driving conflicts while
driving at speeds of less than 25 mph, between@band 35 mph, and greater than or equal to
35 mph. The results are shown in Table 4-13 farilatensity conflicts and Table 4-14 for high-
intensity conflicts.

Table 4-13 and Table 4-14 indicate that ACAS hiéle leffect on exposure to conflicts for
vehicle speeds in the ranges of less than 25 nmghbatween 25 mph and 35 mph. For the less
than 25 mph speed range, the rate of conflictsedeses in only 11 of the 24 subject
group/conflict intensity level categories with ACA8abled. For the speed range between 25
mph and 35 mph, the rate of conflicts decreaseslyn12 of the 24 subject group/conflict
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intensity level categories with ACAS enabled. Aonrease in exposure to conflicts with ACAS
enabled is statistically significant fgoungerdrivers for the less than 25 mph speed range.
These results are not unexpected since ACAS isrginaot functional below 25 mph and ACC
is generally not used below 35 mph. The exposoatyais results of the previous section
indicate that FCW is operational only 4 percent @Bgercent of vehicle distance traveled in the
less than 25 mph, and the 25 mph and 35 mph spegés, respectively. The ACC system is
used for only 1 percent of vehicle distance travéhethe 25 mph and 35 mph speed range.

For the 35 mph and greater speed range, the raswlts overall reduced exposure to conflicts
with ACAS enabled. This reduction in exposuretaistically significant for the following
categories:

— All subject group, low-and high-intensity conflicts@®1 and MOP2)
— Femalesubject group, low-intensity conflicts (MOP1 an@®M®2) and high-intensity
conflicts (MOP1 only)

Compared to baseline results for the aggregat# dfiging, independent of driving condition
(see Table 4-4), the results for the two lower dpaages generally show considerably higher
rates of exposure to conflicts. These higher ratexposure may be attributed to higher traffic
densities encountered at lower speeds. The opgpeféiict can be seen at speeds at or above 35
mph where the exposure rates are lower than faieggte driving. These lower rates of
exposure may be attributed to lower traffic dessitncountered at higher speeds.

Comparing results for the three speed rangesnibeaseen that, as expected, exposures to
conflicts decrease with increasing vehicle spee@faespective subject group/conflict intensity
level/ACAS Status categories. There is a congisggfuction in exposure to conflicts with
ACAS enabled only for the greater than or equa3anph speed range. As noted above, these
reductions are statistically significant falt andfemalesubject groups. These results suggest
that ACAS has an ability to reduce exposure to ledefin driving situations that involve speeds
of or greater than 35 mph. Comparing the less #amph range to the 25-mph to 35-mph
range, the results are similar and indicate thaA8®as little or no impact on exposure to
conflicts. Since FCW is essentially not activetia less than 25-mph range, but is active about
73 percent of VDT in the 25-mph to 35-mph range,résults suggest that FCW has negligible
ability to reduce exposure to conflicts in the 2pmto 35-mph range (ACC is essentially not
active in either speed range).

In conclusion, the results indicate that use of AO3Aill reduce exposure to conflicts for drivers
overall when driving in situations where speedsgreater than or equal to 35 mph. At speeds
less than 25 mph, ACAS is essentially inactive laaslno impact on exposure to conflicts. In
the 25-mph to 35-mph range, the results suggesgkgible, but not statistically significant,
ability of FCW to reduce exposure to conflicts.
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Table 4-13. Low-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by ACAS Vehicle Speed

COWINTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km)
Periods Periods
land2 Period 4 land2 Period 4
ACAS ACAS ACAS ACAS
Age Disabled Enabled Disabled Enabled
and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj] p | Avg | Dev | Avg | Dev | Subj| p
All 188.d 621 193 sojo 66 oF4 sbe P2 1.6 B21 | 66 |063
Male 186.d 683 192 475 3 0p5 5B3 3v4 632 P29 | 33 |0.50
t"h?: Female | 190.d 562 195h 692 3 opo e6ps qr2 ¢00 P16 | 33 |oss
25 mph[Younger [ 1854 614 223 e85 P2 op4a sps F.o fe6 Ppea [ 22 |09
Middle 2104 521 196p 41f7 22 ols ef7 Fra 428 b7rs | 22 |o.29
Older 1690.d 676 1620 48l7 22 opo L5 F4 455 pao | 22 |o3a
Al 104d 424 105h 331 ¢6 oB2 3b5 A3 342 |80 | 64 |oel
Male 1004 38] o98f 272 33 opr 3b5 b7 3Jo5 |37 [ 32 |o4s
25tg‘ph Female | 107.d 46.4 111 37|5 3 0F8 3p4 Jdo4 380 P10 | 32 091
35 mphfYounger [ 1130 484 1108 330  $2 ofo 3p8 .5 Jo4a f82 [22 Joe2
Middle 107.d 352 100p 321 22 op3 3be s 370 h7s | 21 |o4o
Older 911 409 85b 250 22 ok3 267 11 Jso0 147 |21 Jos2
All 10d 74 8% 5b 6d ooof] 38 34 29 2b e o041
Greater|Male o 6d 82 5b 3B odt dJ2 dJ2 26 L8 [32 Q.24
than or [Female 121 89 8% 6F B o2 44 J4 b2 b5 [33 ¢o2
equaltolvounger | 11.d 94 91 4F 2 ods ds8 37 B2 pa [22 ¢35
35 mphlyiddie 129 64 101 4 Z$ ods 43 22 bBs ho [22 (.06
Older g4 71 62 5§ 22 ode 43 48 20 b1 |21 g0
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Table 4-14. High-Intensity Conflict Exposure Rategor ACAS-Disabled versus ACAS-
Enabled by ACAS Vehicle Speed

HIGH INTENSITY
MOP1 (Conflicts/100Km) MOP2 (Near Crashes/100Km)
Periods Periods

land2 Period 4 land2 Period 4

ACAS ACAS ACAS ACAS

Age Disabled Enabled Disabled Enabled

and Std Std Std Std
Gender | Avg | Dev | Avg | Dev | Subj] p | Avg | Dev | Avg | Dev | Subj| p

All 89.0 394 93] 38 46 ofs 102 [f.8 Hdo.7 o1 |47 .76
Male 85 414 958 40)9 33 opr 105 F5 doo [7.3 23 D.69
tLhZS: Female 92 374 o9oh 365 33 opo 99 B2 113 123 [24 pe1
25 mph|Younger 89.d 404 111p 488 32 ojo $5 F7 1P2 Ja4 16 Jo.38
Middle 98] 306 91p 256 22 ops 125 p9o 19 (92 [15 p.73
older 797 453 757 206 42 ofe 47 b2 [0 [24 |16 p.16
Al 50 274 59p 21t 45 ops 40 68 b1 403 |51 Pps1
Male 55] 251 s53fF 156 33 opo 49 $3 b3 dJosa [24 p2s
25tg‘ph Female 63 207 6ah 246 42 ofs 9o fo B9 dos5 |27 poa
35 mphYounger 64 331 e66f 2124 32 ofs 96 b7 dha 17 [19 ps57
Middle 601 224 61p 18jo 42 of7 T2 b1 [0 |49 |19 ps4
Older 52 249 485 202 21 ofs 49 $9 B8 137 |13 p.6s8
All 68 50 52 3f e odr 17 14 13 Lo |60 Q.05
Greater|Male 59 494 5] 3B 3P 0ds 144 143 1 ps [29 (35
than or |[Female 77 51 54 4p 3B odr 19 14 14 L1 |31 Qo8
equal to]younger 69 59 53 4FL 2p ode 47 47 15 [L1 [0 (e7
35 mphfiiddie 79 44 62 2b b ode s 4o {4 fo [0 qus
Older 5 54 39 3p 2 ofo U5 44 d9 p7 |20 Qo5

Summary — Impact of ACAS on Driver Exposure to i@tsf

For the aggregate of all drivers and driving caodsg, the results generally show a consistent
reduction in driver exposure to conflicts when ACkS®nabled. This result is statistically
significant. These results indicate that use oASGwill reduce exposure to conflicts for drivers
and driving conditions overall.

The effect of ACAS is to shift the distribution odnflict rates among all drivers to a lower
average; e.g., ho subjects with ACAS enabled hates greater than 70 conflicts per 100 Km;
whereas, 5 percent of subjects with ACAS disabkedehrates greater than 70 conflicts per 100
Km.

The results indicate that use of ACAS will redugpasure to conflicts for drivers overall under
the following conditions:
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- Light

- Freeways

- Clear

- Moderate traffic

- Speeds greater than or equal to 35 mph

ACAS also appears to have some ability to redupesxre to conflicts in conditions of dark,
non-freeways, adverse weather, and low and heafficttevels; however, the results are not
reliable.

The results also suggest that that ACAS has aityatailreduce conflict exposure for a wide
range of traffic levels; however, this ability migtecline at higher traffic levels.

At speeds less than 25 mph, ACAS is essentiallgtiveand has no impact on exposure to
conflicts. In the 25-mph to 35-mph range, the ltsstuggest a negligible ability of FCW to
reduce exposure to conflicts (this result is natistically significant).

4.2.1.3 ACAS Effectiveness in Reducing Exposure Rriving Conflicts

The previous section investigated the ability of 4&Cto reduce the exposure of drivers to
conflicts by comparing the exposure rates (cordflp#r VDT) between ACAS-Disabled and
ACAS-Enabled test periods. The analysis in thetise extends the previous section by
guantifying the ability of ACAS to reduce expostweconflicts. This section estimates the

ACAS exposure effectiveness, EE in Equation 4.sThetric is a useful and intuitive measure
that facilitates comparisons of ACAS performanceveen subject groups, driving conditions,
and conflict intensity levels. Results of ACAS egpre effectiveness are presented below based
on aggregate data and based on driver averaggtistati

Exposure Effectiveness Results Based on Aggregdse D

ACAS exposure effectiveness results based on aggreigta are presented following the same
pattern as in the previous section. First, EEeslare presented for overall driving, independent
of driving condition. The overall results comp&fe for ACAS disabled versus ACAS-enabled
Periods 3 and 4 as well as Period 4 only. The &ies are further disaggregated by the 6
subject groups. Next, EE values are presentetthéoconditions of ambient light, road type,
weather, traffic level, and travel speed by thellject groups. The EE values presented here are
computed on the basis of averaging overall popiadiata; i.e., the underlying conflict exposure
rates are computed by summing the conflicts fodalers and dividing by the sum of distances
traveled by all drivers. This approach providesldrgest possible data set for analysis;

however, it is more subject to bias by individuavdrs.

Figure 4-4 through Figure 4-7 compare EE resulitsgua CAS-Enabled Periods 3 and 4 versus
Period 4 only for each of the four conflict intemdevels respectively. Each figure further
breaks down the results by the six subject grolmssitive values of EE indicate a reduction in
exposure to driving conflicts while negative valueter to an increase. It should be noted that
theall group includes the largest data set and is mps¢sentative of overall driving.
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Comparing the results for the two ACAS-Enabled gasishows that the EE for Period 4 only is
generally higher than for both Periods 3 and 4afbconflict intensity levels. This may be
attributed to the negative effects of experimeontathat appears to occur among drivers
predominately during Period 3 as discussed in &eeti2.1.1. The results for Periods 3 and 4
are therefore not considered representative ofterg driving behavior.

Theall group, for Period 4, shows a consistent levelBfié all conflict intensity levels of 21
percent. Compared to tlal group, the other subject groups show considenadiation in EE.
The highest levels of EE are amdegnalesthe lowest levels of EE are amomgles The level
of EE increases with increasing age group.

Comparing the subject group results for differemtfict intensity levels shows that the pattern
of EE values is similar regardless of conflict mgiy level for Period 4 only as well as Periods 3
and 4. The results for Periods 3 and 4 are gdpdoater than for Period 4 only and, in fact, are
negative fomalesandyoungerdrivers for the higher conflict intensity levelés discussed
earlier, the results for Periods 3 and 4 are nosiciered reliable indicator of long-term driving
behavior.

O ACAS Disabled vs. ACAS Enabled (Period 4)
W ACAS Disabled vs. ACAS Enabled (Periods 3&4)

40%

c = 30%
2 5 30% 27%
59 3% 23%1 94 _I 21%
L £
Léé o 12% 14% 5% 3%
§ § 10% T B
S 0% : : ‘ ‘ :
Male Female  Younger Middle Older All

Subject Groups

Figure 4-4. Exposure Effectiveness, Low-Intensity ConflictsPeriod 4 versus
Periods 3 and 4
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O ACAS Disabled vs. ACAS Enabled (Period 4)
B ACAS Disabled vs. ACAS Enabled (Periods 3&4)
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Figure 4-5. Exposure Effectiveness, High-Intensity ConflictsPeriod 4 versus
Periods 3 and 4

O ACAS Disabled vs. ACAS Enabled (Period 4)
W ACAS Disabled vs. ACAS Enabled (Periods 3&4)
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Figure 4-6. Exposure Effectiveness, Low-Intensity Near-Crasls Period 4 versus Periods 3
and 4
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O ACAS Disabled vs. ACAS Enabled (Period 4)
m ACAS Disabled vs. ACAS Enabled (Periods 3&4)
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Figure 4-7. Exposure Effectiveness, High-Intensity Near-Crasés, Period 4 versus Periods
3and4

Exposure Effectiveness Results by Ambient Light @tons (Light and Dark)

Figure 4-8 through Figure 4-11 below compare EHltedor driving in light and dark
conditions for each of the four conflict intendiéyels respectively (ACAS-Disabled versus
ACAS-Enabled Period 4 only). EE results for ligind dark show that, overall, there is
generally higher EE for light than for dark conadiits. EE for thall group is about 24 percent
for light versus about 11 percent for dark and ihisonsistent for all intensity levels. There is,
however, some variation in EE between light and dar the subject groups. For all conflict
intensity levels, thgoungergroup has a much higher EE for dark than light iwesnalegroup
has a much lower EE for dark than light. Tiéer andfemalegroups have a slightly higher EE
for dark than light for some conflict intensity Edg. Some of this variation by subject groups
may be attributed to less data available for darkiry. Only about 26 percent of driving is
done during dark conditions.

Comparing EE between the subject groups for lighiditions shows a similar pattern for all
conflict intensity levels. Thall group shows a consistent level of EE for all dehfhtensity
levels of about 24 percent. Compared toaleroup, the other subject groups show
considerable variation in EE, but the pattern isststent regardless of conflict intensity level.
The highest levels of EE are amdegnalesthe lowest levels of EE are amomgles The level
of EE generally increases with increasing age gfaupinor exception islder being about
equal tomiddle-agefor low-intensity near-crashes).

The EE results for light and dark conditions agred with similar results for aggregate driving,
independent of other conditions, as shown in Figufethrough Figure 4-7 (ACAS-Enabled
Period 4 only). In most cases, as expected, thedhes for light and dark bracket the
corresponding EE value for the respective subjemigand conflict intensity level. In those
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few cases where there are exceptions to this xbepgions are minor and most likely due to an
inability to sort all data by the condition beimyestigated.

The EE results show two anomalies that were ndbegeg namely, for all intensity levels, the
malegroup has a much lower EE for dark conditionsofie case negative) and yw@unger
group has a higher EE for dark conditions. Ther&dtilts suggest a much lower ability of
ACAS to reduce exposure to conflicts foaledrivers in dark conditions. These results also
suggest a greater ability of ACAS to reduce expasoirconflicts foryoungerdrivers in dark
conditions.

O Light @ Dark

40%
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g 2 32%
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Figure 4-8. Exposure Effectiveness, Low-Intensity Conflictsl.ight versus Dark
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Figure 4-9. Exposure Effectiveness, High-Intensity Conflictsl.ight versus Dark
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Figure 4-10 Exposure Effectiveness, Low-Intensity Near-Crasts Light versus Dark
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Figure 4-11 Exposure Effectiveness, High-Intensity Near-Crasts, Light versus Dark

Exposure Effectiveness Results by Road Type (Freewd Non-Freeway)

Figure 4-12 through Figure 4-15 compare EE redaitgriving on freeways and non-freeways
for each of the four conflict intensity levels respively (ACAS-Disabled versus ACAS-Enabled
Period 4 only). EE results for freeways and naeivays show that, overall, there is generally a
much higher EE for freeways than for non-freewaysditions. EE for thall group, across all
conflict intensity levels, averages about 33 perfenfreeways versus about 6 percent for non-
freeways and these higher EE results are consigteal intensity levels. There is, however,
some variation between freeways and non-freewayth&subject groups. Thudder group has

a much lower EE for freeways than non-freewaysafbconflict intensity levels, thenalegroup
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also has a lower EE (negative) for freeways fohhigensity near-crashes, and treinger
group has much lower (negative) EE values for meevfiays for all conflict intensity levels.
Some of this variation by subject group may beakatted to small data sets on freeways,
especially forolder drivers at all but the lowest conflict intensigvel and fomalesat highest
conflict intensity level.

Comparing EE results between the subject groupgdeways shows a similar pattern for all
conflict intensity levels. Thall group shows a consistent level of EE for all dohfhtensity
levels between 25 percent and 44 percent. The sthgect groups show considerable variation
in EE, but there is generally a consistent pattegardless of conflict intensity level. The
highest levels of EE are amofegnalesandmiddle-age driversfemaleshave a higher EE than
males The level of EE increases froyoungerto middle agebut the lowest levels of EE overall
are amonglder drivers.

The EE results for freeways and non-freeways gdgexgree well with similar results for
aggregate driving, independent of other conditiassshown in Figure 4-4 through Figure 4-7
(ACAS-Enabled Period 4 only). In most cases, g®eted, EE values for freeways and non-
freeways bracket the corresponding EE value foréspective subject group and conflict
intensity level. In two cases there are excepttorthis: theolder group has a much lower than
expected EE for freeways (in one case negative}llamalegroup has a lower than expected
(negative) EE for freeways for high-intensity nesasishes. These exceptions may be attributed
to very small data sets available @dder drivers andnalesat the higher conflict intensity levels.
This lack of data is due to very low exposure rabesigher intensity conflicts on freeways.

The EE results show three anomalies that were radiede; namely, for all intensity levels, the
older group has a much lower EE (in one case negativdjdeways, thenalegroup has a
lower, negative EE for freeways for high-intensigar-crashes, and tigeungergroup has much
lower (negative) EE values for non-freeways forcalhflict intensity levels. EE results suggest
some ability of ACAS to reduce exposure to cordlir older drivers on freeways for low-
intensity conflicts. For all higher conflict inteity levels, however, there is insufficiesitier
driver data to analyze. Similarly, in the one gaty wheremaledrivers have a negative EE for
freeways, there are insufficient data to analyZs.indicated above, this lack of data is likely
due to very low conflict exposure rates on freewdysryoungerdrivers, EE results are
consistent in suggesting a negative ability of ACtAS$educe exposure to conflicts at all but the
highest conflict intensity level. These resultsyfoungerdrivers should be viewed with some
caution.
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Figure 4-13
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Figure 4-14 Exposure Effectiveness, Low-Intensity Near-Crasts Freeway versus Non-
Freeway

O Freewaym Non-Freewa%

sove 66% 63%
60% ] ]
50%
40% 28%
30% 8%
20% - 10% 10% 129 0
10% - 1% 6%
0% ==
-10% 1 _50
:gggﬁ; ] 17%

44%

Exposure Effectiveness
(% Reduction in Exposure)

Male Female Younger Middle Older All
Subject Groups

Figure 4-15 Exposure Effectiveness, High-Intensity Near-Crass, Freeway versus Non-
Freeway
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Exposure Effectiveness Results by Weather Conditi@®bear and Adverse)

Figure 4-16 through Figure 4-19 compare EE regattdriving in clear and adverse weather
conditions for each of the four conflict intendiéyels respectively (ACAS-Disabled versus
ACAS-Enabled Period 4 only). Weather was clasgiéis either clear or adverse as determined
by activation of the windshield wipers. EE restittisclear and adverse weather show that,
overall, there are generally higher EE values fearcthan for adverse weather for all conflict
intensity levels. EE for thall group is about 21 percent for clear versus ab8ygetcent for
adverse and this result is consistent for all isitgrievels. There is, however, considerable
variation between clear and adverse for the diffesebject groups. For all conflict intensity
levels, theyoungerandolder groups have a much lower EE for adverse than eleaithe
middle-agegroup has a much higher EE for adverse than clEaefemaleandmalegroups also
have a higher EE for adverse than clear for severalict intensity levels. Some of this
variation by subject group may be attributed ts léata available for driving in adverse weather.
Only about 8 percent of driving is done during adeeveather.

Comparing EE results between the subject groupsléar weather shows a similar pattern for
all conflict intensity levels. Thall group shows a consistent level of EE for all cdohfhtensity
levels of about 21 percent. Compared toaleroup, the other subject groups show
considerable variation in EE, but the pattern isststent regardless of conflict intensity level.
The highest levels of EE are amdegnalesthe lowest levels of EE are amomgles The level
of EE increases with increasing age group.

The EE results for clear and adverse generallyeaged! with similar results for aggregate
driving, independent of other conditions, as shawhigure 4-4 through Figure 4-7 (ACAS-
Enabled Period 4 only). In all cases, as expethedEE values for clear and adverse generally
bracket the corresponding EE value for the respestiibject group and conflict intensity level.
In 6 of the 24 subject group/conflict intensity édcategories, the EE value for clear
approximately equals the corresponding EE valuadgrregate driving. These cases are most
likely due to the small amounts of data availableadverse driving.
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Exposure Effectiveness Results by Traffic LevelWi.doderate, and Heavy)

Figure 4-20 through Figure 4-23 compare EE redattdriving in low, moderate, and heavy
traffic conditions for each of the four conflict@msity levels respectively (ACAS-Disabled
versus ACAS-Enabled Period 4 only). EE resultddar, moderate, and heavy traffic show that,
overall, there are generally higher EE values foderate than for low traffic for all conflict
intensity levels. EE for thall group is about 21 percent for moderate versustdalpercent

for low traffic and this result is consistent fdriatensity levels. The EE values for thi group
for heavy traffic are generally about the sameoadoiw traffic, 15 percent, but for high-intensity
near-crashes, the value is 41 percent. The EEsdbr heavy traffic in the high-intensity near-
crash category, however, are not considered reliadtause very little data were available for
analysis. There is considerable variation in Efults between traffic levels for the subject
groups, most notably, fgroungerdrivers who have a relatively low EE value for ltnaffic, a
relatively high value for moderate traffic, and tbevest, negative values for heavy traffic.
Some of this variation for thgungergroup may be attributed to less data availablelfiming

in heavy traffic. Only about 3 percent of vehidistance traveled is done in heavy traffic.

Comparing EE results between the subject group®¥orand moderate traffic shows a similar
pattern for most conflict intensity levels. Tak group shows a consistent level of EE for all
conflict intensity levels of about 16 percent fowltraffic and 21 percent for moderate traffic.
Compared to thall group, the other subject groups show consideradiation in EE, but the
pattern is generally consistent regardless of amnfitensity level. The highest levels of EE are
amongfemalesandolder groups; the lowest levels of EE are amomgles The level of EE
increases with increasing age group for low trd#icels. For moderate traffic levefgmale
drivers have the highest EE values for all confhiéénsity levels. The EE values fgounger
drivers for moderate traffic are relatively highhg¢ait 26 percent).

The EE results for low, moderate, and heavy trafficditions generally agree with similar
results for aggregate driving, independent of otloerditions, as shown in Figure 4-4 through
Figure 4-7 (ACAS-Enabled Period 4 only). In maases, as expected, the EE values for low,
moderate, and heavy traffic generally bracket tireesponding EE value for the respective
subject group and conflict intensity level. Thare a number of minor exceptions to this,
however. These exceptions may be attributed tp sieall data sets available for heavy traffic,
especially at the high-intensity near-crash level.
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Figure 4-23 Exposure Effectiveness for High-Intensity Near-Cashes by Traffic Level

Exposure Effectiveness Results by ACAS Vehicle 8pee

Figure 4-24 through Figure 4-27 compare EE redaitgriving in the speed ranges of less than
25 mph, 25 mph to 35 mph, and greater than or équz mph for each of the four conflict
intensity levels respectively (ACAS-Disabled ver&@AS-Enabled Period 4 only). EE results
for vehicle speed show a large contrast betweendtkes for the two speeds ranges less than 35
mph and the speed range greater than or equali@85 In general, the EE values for the two
speeds ranges less than 35 mph are predominagtyives whereas, the EE values for speeds
greater than or equal to 35 mph are all positiver example, the EE for tlal group, low-

intensity conflicts, for speeds less than 25 melakiout -3.6 percent; for speeds between 25 mph
and 35 mph, about -3.2 percent; and, for speeddagrthan or equal to 35 mph, about 24.6
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percent. There is considerable variation in thevBlHes both between and within the speed
ranges for the various subject groups and confitensity levels.

The EE results for the speed range below 25 mpVigedittle direct information for evaluating
ACAS since the system is essentially non-functionahis speed range. In fact, Manual 2 is
used 96 percent of VDT for speeds less than 25 niain.this reason, however, the speed range
below 25 mph does provide a useful baseline ofoperdnce during the ACAS-Enabled test
period while the system was not functioning.

In the 25 to 35 mph speed range, ACAS is functioffdde dominant ACAS mode in this range
is FCW, which is used about 73 percent of VDT. Mg driving occurs for about 26 percent
of VDT and ACC is used for only about 1 percenV®T. The EE results in this speed range
are, therefore, applicable to evaluating FCW, mitACC. In estimating the exposure
effectiveness of FCW in the 25-mph to 35-mph raiitge,useful to compare results with the less
than 25-mph range. This range essentially reptesebaseline of Manual 2 driving without the
influence of ACAS. As noted above, the EE residiighese two speed ranges are very similar;
e.g., about -3.6 percent versus -3.2 percent feedpless than 25 mph and speeds between 25
mph and 35 mph, respectively, for thiégroup, low-intensity conflicts. Thus, the additiof

FCW use seems to have little impact on EE reswks that of Manual 2. This suggests that the
EE for FCW is negligible at least for driving inglspeed range. However, the following
confounding factors could influence results; hetiois, observation of negligible EE for FCW
should be viewed with caution:

— The analysis did not specifically separate theumrice of Manual 2 and FCW driving in
the 25-mph to 35-mph range. The influence of FGWiferred by comparison of results
with less than 25 mph driving. Any differencesdniving conditions between the two
speed ranges could therefore confound results.

— There are considerable variations in the resultee25-mph to 35-mph range between
and within subject groups; e.g., EE for tilder group ranges from 5.0 percent for low-
intensity near-crashes to -23.6 percent for higbrisity near-crashes.

— Driving in the 25-mph to 35-mph range likely incasisignificant amounts of high
congestion and local roads with complex traffidats, intersections, and traffic signals.

Compared to the two lower speed ranges, the 35angtigher speed range shows a
consistently positive level of EE for all conflicttensity levels. For example, té group has
EE values between about 22 percent for low-intgmsatar-crashes and 26 percent for high-
intensity conflicts. Compared to thé group, the other subject groups show considerable
variation in EE, but all the values are positivgalless of conflict intensity level. The highest
levels of EE are amorfgmaleqg41.5% for high-intensity) anolder groups (37.4% for high-
intensity conflicts); the lowest levels of EE amangmales(1.6% for low-intensity near-
crashes). The level of EE consistently increas#simcreasing age group.

Since ACC was used for about 42 percent of VDTham35-mph and higher speed range and was
essentially not used in the lower speed rangesettesults suggest a substantial level of EE for
ACC. However, FCW was also used for about 54 pgreeVDT in this range and, in spite of

its apparent lack of EE in the lower speed rangsyuld also be contributing to overall ACAS
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EE in the higher speed range. The driving envireninfor speeds greater than or equal to 35
mph is likely dominated by freeways, high speeds, law to moderate traffic levels. In fact, a
comparison of these results with those of driviggdad type shows that they are most similar to
freeway driving. Interestingly, a comparison aduks with those for different traffic levels
shows no consistent agreement. This suggestd thdhe road type environment, and not traffic
level, that has the greatest effect on ACAS EEecBially, freeway driving seems to be the
environment where ACAS has the highest level of EE.

The EE results for the three speed ranges are @bnevnsistent with the results for aggregate
driving, independent of other conditions, as shawhigure 4-4 through Figure 4-7 (ACAS-
Enabled Period 4 only). The EE values for thedlsgeed ranges, as expected, generally bracket
the corresponding EE value for the respective stigj@up and conflict intensity level.
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Figure 4-24. Exposure Effectiveness for Low-Intenty Conflicts by ACAS Vehicle Speed
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Figure 4-27. Exposure Effectiveness for High-Intesity Near-Crashes by ACAS Vehicle
Speed

Summary - Exposure Effectiveness Results Basedgomejate Data

The exposure effectiveness results discussed abdwate that ACAS is about 21 percent
effective in reducing the exposure of drivers tarrend pre-crash conflicts for the aggregate of
all drivers and driving conditions. This overalipp@sure effectiveness of ACAS is consistent
regardless of the conflict intensity level metrged.

The EE of ACAS is also positive for the differenbgect groups. Using low-intensity conflicts
as the metric for EE, the following results weré¢anied:

— EE is highest amonigmale(30%) andblder (27%) drivers

— EE is lowest amonmale(12%) drivers

— EE increases with age group frgrmunger(14%) tomiddle-age(23%) toolder (27%)
drivers

Exposure effectiveness for ACAS is also positivetifie different driving conditions of ambient
light, road type, weather, and traffic level &l drivers. Again, using low-intensity conflicts as
the metric for EE forll drivers, the following results were obtained:

— EE for light (24%) and dark (11%)

— EE for freeways (25%) and non-freeways (7%)

— EE for clear (21%) and adverse (19%) weather

— EE for low (17%), moderate (19%), and heavy (12%ifit levels
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The analysis of exposure effectiveness by ACASatetspeed found that the EE for ACAS was
positive only for speeds at and above 35 mph (25Phe speed analysis concluded that the
results for speeds less than 25 mph are not apfdita ACAS since the system essentially does
not function at these speeds. It was also condltiet FCW has negligible EE for speeds
between 25 mph and 35 mph. However, for spee@$ afiph and above, ACC appears to have a
substantial level of EE. FCW might also contribiat¢his EE for ACAS and ACC in the higher
speed range. It was found that freeway drivingreet® be the environment where ACAS has
the highest level of EE.

It was found that the following combinations of gdb group and driving condition produced
EE values, for all conflict intensity levels, thatried considerably from the general results:

— Youngerdrivers have higher EE values for dark conditifmg., 20% for low-intensity
conflicts).

— Olderdrivers have lower EE values for freeway driviegy(, 2% for low-intensity
conflicts).

— Youngerdrivers have lower, negative EE values for noeviray driving (e.g., -10% for
low-intensity conflicts).

— Olderandyoungerdrivers have atypically low EE values for adversaditions (e.qg.,
14% forolder drivers and -19% foyoungerdrivers for low-intensity conflicts).

— Middle-agedrivers have higher EE values for adverse conati@.g., 45% for low-
intensity conflicts).

— Youngerdrivers have atypically low, negative EE valuesdoving in heavy traffic (e.g.,
-15% for low-intensity conflicts).

The unusual results obtained for some subject granp conditions might be explained, at least
in part, by limitations in the data. The resutis pparticular subject groups and conditions
should, therefore, be interpreted with some caution

Exposure Effectiveness Results Based on Driverafyecbtatistics

This analysis examines the effectiveness of ACARducing exposure to driving conflicts (EE)
for selected low-intensity and high-intensity caetflevels. The driving conflict situations
selected for this section were determined to bigsstally significant from the exposure rate
analyses presented previously in Sections 4.2htaugh 4.2.1.2. The analysis in this section is,
furthermore, based on an alternative analyticat@gugh, thus providing a more comprehensive
assessment of exposure effectiveness.

The statistical significance of the driver conflgituations selected for this section is based on
the difference of the means of conflict rates betwihe ACAS-Disabled test period and ACAS-
Enabled test period (Period 4). Table 4-15 shdwes38 subject group, conflict intensity level,
driving condition categories for which statistigadignificant values of EE were found. Of these
33 categories, the 20 indicated for #ikesubject group were selected for presentationen th
following charts. Theall group produces the largest data set and includgecs chosen to be
representative of age and gender and is, therefonsjdered to be most representative of overall
driving.
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The EE values presented in the following chartsevelstermined on the basis of averaging the
mean EE value computed for each driver. ThusgtB#svalues are not directly comparable
with the values presented in the previous sectidnch are based on population averages. The
population average approach yields the largestsitéor statistical analysis, but is most subject
to the bias of individual drivers that might hawg¢remes in driving behavior. The driver
average approach, presented below, yields a sndatarset, but is less subject to driver bias;
each driver is weighted equally. Given that theTH@d only 66 subjects and a wide variation in
driving behavior was noted, the driver average eslare considered most representative of
overall driving. Figure 4-28 through Figure 4-3w the mean values of EE along with
standard error bars.

Figure 4-28 shows the mean EE values, along wathdstrd error bars, fail drivers for all
conditions. The mean EE values tend to decreaseingreasing conflict intensity level. The
highest EE of about 14 percent is associated Idensity conflicts and the lowest EE value of
about 8 percent is associated with high-intensgigricrashes. Since there is considerable
overlap in the standard error bars, there is nisstally significant difference in the values.
These EE values are consistently lower than thelptipn average value of about 21 percent
presented in the previous section for the sameitions.

Figure 4-29 shows the EE values &brdrivers driving in lighted conditions. The mealB E
values tend to decrease with increasing confliensity level. The highest EE value is about 14
percent and the lowest EE value is about 10 percEmése results are similar to the results for
overall driving presented above which is expectadesabout 74 percent of all driving is in
lighted conditions. These EE values are consistémwer than the population average value of
about 21 percent presented in the previous sefdrdighted conditions.

Figure 4-30 shows the EE values &trdrivers driving on freeways. The mean EE valeest

to increase with increasing conflict intensity lev&he highest EE value is about 22 percent and
the lowest EE value is about 12 percent. Thesgdhkes are generally higher, especially for
high-intensity conflicts and low-intensity near-shas, than the corresponding values for driving
overall (see Figure 4-28). This suggests that A@AS a higher level of EE for freeway driving
than for non-freeway driving and is consistent with population average EE results presented
in the previous section. These EE values for nidg@rsity conflicts and low-intensity near-
crashes are about the same as the population avesge of about 21 percent presented in the
previous section for freeway driving.
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Table 4-15. Categories of Statistically SignificarExposure Effectiveness

Statistically Significant Differencein MOP Means between ACAS Disabled and ACAS Enabled (p < 0.05)

All Younger Middle Older Male Female
. Conflict X
Overall Low Intensit Near Cras X
Driving . . Conflict X
High Intensity Near Cras %
. Conflict X
Clear Low Intensit Near Cras X
Weather . . Conflict X
High Intensity Near Cras
. Conflict
Adverse Low Intensit Near Cras
Weather . . Conflict
High Intensity Near Cras
Low Intensity Conflict X X
Lighted Near Cras X X
Condition ) . Conflict X
High Intensity Near Cras %
. Conflict
Dark Low Intensit Near Cras
Condition . . Conflict
High Intensity Near Cras
. Conflict X X
Low Intensit Near Cras <
Freeway -
High Intensit Conflict X
g 1 Near Cras
Low Intensity Conflict
Near Cras
Non-Freewa Conict
High Intensity Near Cras
Low Intensity Nggrm?:f;s
Low Traffic Coniat
High Intensity Near Cras
Low Intensity conflict X s 2
Moderate Near Cras X X
Traffic ) | Conflict X
High Intensity Near Cras
. Conflict
Heavy Low Intensit Near Cras X
Traffic ) . Conflict X
High Intensity Near Cras
Low Intensity Conflict X
Near Cras
< 25 mph -
High Intensity Conflict
9 1 Near Cras
. Conflict
>= 25 mph & Low Intensit Near Cras
< 35 mph . . Conflict
High Intensity Near Cras
Low Intensit Conflict X X
Near Cras X X
>= 35 mph -
High Intensit Conflict X X
'gh Intensiy Near Cras X

4-48




< 20% —
0 <
237 18%
S S 16% T —
2 5 14% -
3 = 12%
| 5 10%
S5 8%
23 6%
o 4%-
Ll S 204
0%
Low Intensity  High Intensity Low Intensity High Intensity
Conflict Conflict Near Crash Near Crash
Conflict Severity
Figure 4-28 Exposure Effectiveness foAll Drivers
. 20% —
3 2 18%
£ 2 16% T B
= l% 14% -
g 120+
i = 10%-
g_gg 8% +
23S 6%
S8 4%+
g% 2%
S 0%
Low Intensity High Intensity Low Intensity High Intensity
Conflict Conflict Near Crash Near Crash

Conflict Severity

Figure 4-29 Exposure Effectiveness foAll Drivers in Lighted Conditions

_ 35%
n 2
$ 2 30%
c O
g u% 25% -
3]
L 20% F
L g .
gg 15%
8 g 10%
X o
L < 5% -
0% -
Low Intensity High Intensity Low Intensity
Conflict Conflict Near Crash

Conflict Sewerity

Figure 4-30 Exposure Effectiveness foAll Drivers on Freeways

4-49



Figure 4-31 shows the EE values &trdrivers driving in clear weather conditions. Thean

EE values tend to decrease with increasing confitensity level. The highest EE value is
about 13 percent and the lowest EE value is abbpietcent. These results are similar to the
results for overall driving for the three corresgimy conflict intensity levels, presented above.
This result is expected since about 92 percenli dfiaing is in clear conditions. These EE
values are consistently lower than the populatimrage value of about 21 percent presented in
the previous section for clear conditions.

20%
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12%
10%
8%
6%
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2%
0%
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(% Reduction in Exposure)

Low Intensity High Intensity Low Intensity
Conflict Conflict Near Crash

Conflict Severity

Figure 4-31 Exposure Effectiveness foAll Drivers in Clear Weather

Figure 4-32 shows the EE values &trdrivers driving in moderate traffic levels. Theam EE
values increase slightly with increasing conflidieinsity level. The highest EE value is about 16
percent and the lowest EE value is about 14 percEm¢ EE value for low-intensity near-
crashes is higher than the corresponding valuevierall driving presented above (16% versus
8% respectively). This suggests that ACAS haghdrilevel of EE for moderate traffic levels
than for other traffic levels and is consistentwhe population average EE results presented in
the previous section for the three lower conflintensity levels. These EE values are lower than
the population average value of about 19 percerggmted in the previous section for moderate
traffic and the same conflict intensity levels.
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Figure 4-32 Exposure Effectiveness foAll Drivers in Moderate Traffic

Figure 4-33 shows the EE values &tirdrivers driving at speeds greater than or equabto

mph. The mean EE values for low-and high-intensityflicts are equal (16%) and slightly
higher than the corresponding values for near-esskhich are also equal (13%). The EE
values for all four intensity levels are higherrihthe corresponding values for overall driving
presented above. This suggests that ACAS hasherigvel of EE for driving at speeds at and
above 35 mph than for slower speed driving situmatioT his observation is consistent with the
population average EE results presented in thequs\section for all four intensity levels. The
EE values presented here, however, are lower tltepdpulation average values that range from
21.8 percent and 25.9 percent depending on coirftiensity level.
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Figure 4-33. Exposure Effectiveness foill Drivers, Vehicle Speedg 35 mph
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Summary - Exposure Effectiveness Results BasedrimeDAverage Statistics

The EE results, based on driver averages, arestentliy lower than the corresponding
population average value of about 21 percent. &seno consistency in the variation of EE by
conflict intensity level for the various conditiomsestigated. For all the conditions considered,
the EE values are positive and range between amamiand maximum value by conflict
intensity level as follows:

- Light — min. 8 percent, high-intensity near-crashmax. 14 percent, low-intensity

conflicts

- Freeways — min. 12 percent, low-intensity comdlienax. 22 percent, high-intensity near-
crashes

- Clear — min.11 percent, high-intensity near-cessimax. 13 percent, low-intensity
conflicts

- Moderate traffic — min. 14 percent, low-intenstgnflicts; max. 16 percent, high-
intensity near-crashes

- Speeds greater than or equal to 35 mph — mipet&nt, high-intensity near-crashes;
max. 16 percent, low-intensity conflicts

4.2.2 Response to Driving Conflicts by Rear-End Dyamic Scenario

This analysis examined driver exposure to spedificing conflicts and near-crashes that
involved a lead vehicle stopped (LVS), lead vehinlaving at slower constant speed (LVM), or
lead vehicle decelerating (LVD). These three dyicgime-crash scenarios accounted for 95
percent of all rear-end crashes that involvedagtlene light vehicle (i.e., passenger car, van,
minivan, sport utility vehicle, or light truck) bed on the 2000 General Estimates System (GES)
(Najm and Sen et al., 2003). Moreover, driver/ehiesponse to each of the three scenarios
was also considered. The lead vehicle acceleréitivi§) scenario was removed from this
analysis due to its very low frequency of occureeircrear-end crashes and in conflicts during
the FOT. Specifically, the following three respemngpes were examined:

1. Brake/autobrake: Minimum deceleration of thethvehicle during the driving conflict is
less than -0.1g (-0.981 s

2. Brake/autobrake and steer: Combined brakingstaeting (lane change) response in
which minimum deceleration of the host vehicle dgrihe driving conflict is less than -
0.1g (-0.981 mA.

3. Steer: Lane change or combined lane changeangtbw down in which minimum
deceleration of the host vehicle during the driveogflict is greater than or equal to -
0.1g (-0.981 mA.

The 0.1g threshold was selected to account foahbtaking events and disregard other events
in which the driver simply tapped on the brake pedaased on the throttle. Thus, the intent of
this additional filtering was to analyze conflitk&t required high response intensity from the
driver and to remove low-risk conflicts. The exaation of driver exposure and response to the
three dynamic scenarios was conducted for the AO#sabled test period and the ACAS-
Enabled test period (Period 4 only). In additi@my-intensity and high-intensity driving

conflicts and near-crashes were also consideréds ahalysis was focused ah drivers only
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since statistical significance in conflict expostesults between the ACAS-Disabled and
ACAS-Enabled test periods was mostly observedisti¢hrel and not at the lower levels of
subject groups.

4.2.2.1 Exposure to Rear-End Dynamic Scenarios

Figure 4-34 and Figure 4-35 provide a breakdowtheffrequency and percentage of driving
conflicts encountered during the ACAS-Disabled pesiod by dynamic scenario and driver
response for low intensity and high-intensity lsyeespectively. This breakdown was based on
aggregate data from all subjects. These figusss gtiow how many conflicts resulted in near-
crashes according to driver/vehicle response. reigeB6 and Figure 4-37 present similar data
about driving conflicts during the ACAS-Enabledttpsriod (Period 4).

Total Conflicts
8,810

LvS LVM LVD

3,302 1,440 4,068

37.5% 16.3% 46.2%
Brake Steer Brake & Steer Brake Steer Brake & Steer Brake Steer Brake & Steer
3,272 18 12 1,223 208 9 3,980 31 57
99.1% 0.5% 0.4% 84.9% 14.4% 0.6% 97.8% 0.8% 1.4%

Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash

1,053 7 8 298 32 1 1,513 9 22
32.2% 38.9% 66.7% 24.4% 15.4% 11.1% 38.0% 29.0% 38.6%

Figure 4-34. Breakdown of Low-Intensity Conflictsby Scenario, Response, and Near-
Crash for ACAS-Disabled

Total Conflicts
4,776

LVS LVM LVD

1,896 246 2,634

39.7% 5.2% 55.2%
Brake Steer Brake & Steer| Brake Steer Brake & Steer| Brake Steer Brake & Steer|
1,880 8 8 226 20 0 2,578 19 37
99.2% 0.4% 0.4% 91.9% 8.1% 0.0% 97.9% 0.7% 1.4%

Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash

217 6 6 2 5 0 343 6 14
11.5% 75.0% 75.0% 0.9% 25.0% 0.0% 13.3% 31.6% 37.8%

Figure 4-35. Breakdown of High-Intensity Conflictsby Scenario, Response, and Near-
Crash for ACAS-Disabled
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Total Conflicts
12,309

LvS LVM LVD

4,640 1,965 5,704

37.7% 16.0% 46.3%
Brake Steer Brake & Steer Brake Steer Brake & Steer Brake Steer Brake & Steer
4,597 25 18 1,709 225 31 5,582 56 66
99.1% 0.5% 0.4% 87.0% 11.5% 1.6% 97.9% 1.0% 1.2%

Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash

1,531 12 6 400 43 3 2,126 14 27
33.3% 48.0% 33.3% 23.4% 19.1% 9.7% 38.1% 25.0% 40.9%

Figure 4-36. Breakdown of Low-Intensity Conflictsby Scenario, Response, and Near-
Crash for ACAS-Enabled, Period 4

Total Conflicts
6,745

LvS LVM LVD

2,703 336 3,706

40.1% 5.0% 54.9%
Brake Steer Brake & Steer Brake Steer Brake & Steer Brake Steer Brake & Steer
2,682 13 8 306 27 3 3,635 29 42
99.2% 0.5% 0.3% 91.1% 8.0% 0.9% 98.1% 0.8% 1.1%

Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash Near Crash

287 9 5 5 8 0 507 11 17
10.7% 69.2% 62.5% 1.6% 29.6% 0.0% 13.9% 37.9% 40.5%

Figure 4-37. Breakdown of High-Intensity Conflictsby Scenario, Response, and Near-
Crash for ACAS-Enabled, Period 4

Figure 4-34 through Figure 4-37 show similar resbittween ACAS-Disabled and ACAS-
Enabled test periods at the low-and high-intersityflict levels:

— At the low-intensity level, LVS, LVM, and LVD scenas accounted respectively for 38
percent, 16 percent, and 46 percent of all driviogflicts in both test periods. On the
other hand, LVS, LVM, and LVD scenarios amountespestively to 40 percent, 5
percent, and 55 percent of all high-intensity drgvconflicts in both test periods. It
should be noted that the relative frequency of Ls@@narios is smaller at the high-
intensity level as opposed to a larger relativgdency of LVD scenarios.
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Driver/vehicle response to each of the three seemaras similarly distributed across the
two test periods and the two levels of confliceimgity. Braking was the most dominant
response across the three scenarios. The refegtygency of steering was higher in

LVM scenario than in LVS and LVD scenarios.

The ratio of near-crashes per conflicts also reeththe same between the two test
periods at the two levels of conflict intensityt tAe low-intensity level, about 33
percent, 24 percent, and 38 percent of the cosfitetulted in near-crashes when braking
was initiated respectively in response to LVS, LVivid LVD scenarios. On the other
hand, these near-crash percentages were respgetbait 12 percent, 2 percent, and 14
percent of the high-intensity conflicts.

Data in Figure 4-34 through Figure 4-37 were furttken down by host vehicle speed. This
analysis was conducted at three different speesl ki25 mphz 25 and < 35 mph, arel35

mph. Table 4-16, Table 4-17, and Table 4-18 pitessults from aggregate data about the
number of conflicts and near-crashes encounterddB\km traveled under different conditions
respectively for brake, steer, and brake and sésgonses. In addition, values of the exposure
ratio are also provided to indicate either a desgea an increase in exposure between ACAS-
Disabled and ACAS-Enabled test periods (exposuie «al refers to a decrease in exposure to
conflicts or near-crashes as a result of ACAS use).

Table 4-16. Number of Brake Events per 100 Km Tragled and Exposure Ratio by
Scenario, Speed, Event, Driving Mode, and Intensitizevel

Scenario | Speed Bif Event ACAS Disabled | ACAS Enabled | Exposure Ratio
Low Int.|High Int. Low Int. High Int. Jow Int. High Int.
< 25 mph Conflict 78.64 4558 83.13 48.90 106 107
Lead Vehicld Near C_rasl] 24.44 461 27[71 5|17 1.12 .12
Stopped - >=25&<| Conflict | 33.27 18.3p 33.46 18.39 1p1 1jo0
Brake 35 mph | Near C_rasll 10.42 2.31 10Q12 1]80 (.96 .78
>= 35 mp Conflict 0.84 0.5 0.7p 0.47 0.§1 086
Near Cras 0.3t 0.1C 0.31 0.07 0.8¢ 0.71
< 25 mph Conflict 30.54 6.3 31.17 5.40 1.p2 0|88
Lead Vehicld Near C_rasl] 8.60 7.18 0.p0
Moving - >=25& <| Conflict | 8.89 1.4 9.0 1.96 1.02 137
Brake 35 mph | Near C_rasll 1.92 2.29 0.p7 126
>= 35 mp Conflict 0.61 0.08 0.5 0.46 0.84 0J78
Near Cras 0.1C 0.09] 0.0¢ 0.00¢ 0.82 0.54
< 25 mph Conflict 45.17 24.3p  48.01 26.13 106 1}10
Lead Vehicld Near C_rasl] 1711 0.$3 18p8 0158 1.07 .09
Decelerating >=25&<| Conflict | 41.55 27.84 43.94 29.16 106 1]05
Brake 35 mph | Near C_rasll 16.74 2.Y0 1677 3]13 1.00 .16
>= 35 mp Conflict 4.94 3.50 3.6b 2.40 0.T4 074
Near Cras 1.7¢ 0.79 1.3¢ 0.6z 0.7¢ 0.7¢
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Table 4-17. Number of Steer Events per 100 Km Traled and Exposure Ratio by
Scenario, Speed, Event, Driving Mode, and Intensitizevel

Scenario | Speed Bif Event ACAS Disabled | ACAS Enabled Exposure Ratio
Low Int.[High Int. Low Int. High Int. Jow Int. High Int.
< 25 mph Conflict 0.41 0.2 0.3¢ 0.44 0.§2 0.9
Lead Vehicl Near C_rash 0.21 0.21 0.p1 0J15 1,04 (4.74
Stopped - >=25 & <| Conflict 0.03 0.18 0.0y 5.93
Steer 35 mph | Near C_rash 0.97 0.94
>= 35 mp Conflict 0.02 0.01 0.0L 0.0q4 0.6 054
Near Cras 0.01 0.00§ 0.004 0.00/ 0.54 1.0¢
Conflict 0.74 0.1 0.4B 0.46 0.%5 0.B7
< 25 mph
Lead Vehicl Near C_rash 0.21 0.2 0.p9 0J03 0.45 (.25
e - >=25 & <| Conflict 0.52 0.1% 0.4p 0.q4 0.96 0.B7
Steer 35 mph | Near C_rash 0.15 0.03 0.p4 0j02 0.30 (3.74
>= 35 mp Conflict 0.56 0.04 0.3¢ 0.4 0.%9 1p4
Near Cras 0.07 0.007 0.07 0.0 0.93 3.25
< 25 mph Conflict 0.45 0.41 0.5B 0.31 1.29 0fr4
Lead Vehicl Near C_rash 0.29 0.16 0.2 0J06 0.43 (§.37
Decelerating >=25 & <| Conflict 0.30 0.09 0.2pb 0.41 0.82 1p4a
Steer 9 35 mph |Near C_rash 0.93 0.03 0.p7 0Jo7 222 3.22
>= 35 mp Conflict 0.03 0.0% 0.0p 0.42 1.41 1p6
Near Cras| 0.00: 0.007 0.01 0.0} 3.7¢ 3.25

Table 4-18. Number of Brake and Steer Events petOD Km Traveled and Exposure Ratio
by Scenario, Speed, Event, Driving Mode, and Inteiity Level

Scenario | Speed Bir Event ACAS Disabled | ACAS Enabled Exposure Ratio
Low Int. [High Int. Low Int. High Int. Jow Int. High Int.
| <25 mpn Conflict 0.37 0.2 0.3¢ 0.32 0.91 00
Lead Vehiclg Near Crash 0.25 0.21 0.p6 0J03 0.25 (.15
Stopped - | >= 25 & <| Conflict 0.09 0.0 0.1B 0.4qo 1.48 148
Brake & 35 mph [ Near Crash 0.06 0.03 0.p9 0J09 148 2.97
Steer >= 35 mp Conflict 0.04
Near Cras
| <25 mph Conflict 0.24 0.04
Lead Vehiclg Near Crash 0.06
Moving - | >=25 & <| Conflict 0.1§ 0.14 1.0p
Brake & 35 mph | Near Crash
Steer _ Conflict 0.01] 0.0 0.0p 2.6
>= 35 mp = -
Near Cras|] 0.00: 0.00z 0.54
| <25 mpn Conflict 0.41 0.3 0.3) 0.48 0.89 0.p4
Lead Vehiclg Near Crash 0.29 0.16 0.8 0J15 0.64 (.93
Deceleratind >= 25 & <| Conflict 0.5§ 0.39 0.5 0.47 0.94 1p0
Brake & 35 mph [ Near Crash 0.21 0.15 0.p5 0J09 1417 (.59
Steer >= 35 mp Conflict 0.09 0.0 0.0pb 0.4q2 0.%8 op1
Near Cras 0.0 0.0Z 0.0z 0.01) 0.6¢ 0.87
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Only seven scenarios from Table 4-16 through T4KI8 were identified to have any
statistically significant difference in the mearishamber of conflicts/ near-crashes per 100 km
traveled between ACAS-Disabled and ACAS-Enabletigesods using t-test for two-paired
samples as indicated in Table 4-19. Six of thesearios correspond to host vehicle speed at or
greater than 35 mph. Brake response was assowgiéted LVS and LVD scenarios and steer
response was tied to only one LVM scenario. Tkedalumn of Table 4-19 provides results of
ACAS effectiveness [1 — average exposure with A@A8bled/average exposure with ACAS
disabled] in reducing exposure to conflicts andr+oeashes. Subjects who did not experience
any conflicts or near-crashes in any of the tweidg conditions were excluded from the
statistical analysis. It should be noted that AGA&uced the exposure to conflicts and near-
crashes by 21 percent to 50 percent in these saerarios, considering the average values of
conflicts/ near-crashes per 100 km traveled witth &ithout ACAS use.

The reader is cautioned about the lack of robustimethe ACAS-Disabled versus ACAS-
Enabled effects measured since only 7 out of tlgetdéts performed were found to be
statistically significant. These 7 effects migktdpurious effects since one would have expected
5 of these 108 tests to have reached statistigaifiiance by chance alone based on a p = 0.05
statistical significance criterion (this is refair® as “Type |I” error).

Table 4-19. Summary of Statistically Significant§ < 0.05) Results of Scenario Exposure
by Intensity Level, Scenario, Response, Speed, abdiving Mode

Conflict | Dynamic| Driver | Speed] ACASDisabled | ACASEnabled | No.
Level Scenariol Responsg¢ Bin Avg. StD. Avg. StD. | Subj. p-valugt Effect,
Low LVS Brake | >=35 1.3 1.5 1.0 0.7 54 0.0p 22.1%
Intensity LVM Steer | >= 3§ 1.2 1.4 0.7 0.9 3 0.0B 43.4%
Conflict LVD Brake | >=3E] 6.3 4.2 5.C 3.€ 66 | 0.01 | 21.0%
High
Intensity LVD Brake | >=35 4.5 3.3 3.6 2.6 65 0.01 21.3%
|__Conflict
Low
Intensity LVvD Brake | >=35 2.6 2.3 2.0 1.0 6] 0.02 23.2%
Near Crash
High LVS Brake ;;2355 5.9 5.3 3.0 2.1] 27 | 0.003| 49.7%
Intensity
Near Crash| LVD Brake | >=35 1.2 1 0.9 0.7 55 0.03 24.3%

Figure 4-38 through Figure 4-41 illustrate the efifeeness of ACAS in reducing driver exposure
to driving conflicts and near-crashes by dynamanseio and vehicle speed as a result of brake
response. Mean values and concomitant standans enre displayed in these figures. These
statistics are based on effectiveness values ofichaal drivers who experienced at least one
driving conflict or near-crash in each of the twevthg modes (with ACAS disabled or ACAS
enabled). It is noteworthy that positive mean galindicate a decrease in exposure and negative
values imply an increase in exposure to conflioid mear-crashes as a result of ACAS use.
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Considering statistically significant scenariosnfrdable 4-19, ACAS has the potential to reduce
driver exposure by:

— 14 percent to low-intensity conflicts with lead W& stopped resolved with braking at
speeds greater than or equal to 35 mph (0 — 27¢eran95% confidence levels)

— 29 percent to high-intensity near-crashes with legdcle stopped resolved with
braking at speeds greater than or equal to 25 mghess than 35 mph (12 — 46% range
at 95% confidence levels)

— 18 percent to low-intensity conflicts with lead &b decelerating resolved with
braking at speeds greater than or equal to 35 Bph30% range at 95% confidence
levels)

— 15 percent to high-intensity conflicts with leachide decelerating resolved with
braking at speeds greater than or equal to 35 @ph2(% range at 95% confidence
levels)

— 9 percent to low-intensity near-crashes with leelisle decelerating resolved with
braking at speeds greater than or equal to 35 riph 23% range at 95% confidence
levels)

— 11 percent to high-intensity near-crashes with ketucle decelerating resolved with
braking at speeds greater than or equal to 35 rdph 26% range at 95% confidence
levels)

— 21 percent to low-intensity conflicts with lead v&h moving at slower constant speed
resolved with braking at speeds greater than oaldqud5 mph (0 — 43% range at 95%
confidence levels)

25%
20% T 1
15% l

10% JT_ —
i

W il
-5% +

-10%

Reduction in Exposure

LVS-1 LVS-2 LVS3 LVM-1 LVM-2 LVM-3 LVD-1 LVD-2 LVD-3

LV*-x: x= 1, v < 25 mph; x= 2, 25 v < 35 mph; x= 3, & 35 mph
Standard error bars are shown

Figure 4-38. ACAS Effectiveness in Reducing Exposeito Low-Intensity Conflicts with
Brake Response
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Figure 4-39. ACAS Effectiveness in Reducing Exposeito High-Intensity Conflicts with
Brake Response
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Figure 4-40. ACAS Effectiveness in Reducing Exposelito Low-Intensity Near-Crashes
with Brake Response
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Figure 4-41. ACAS Effectiveness in Reducing Exposeito High-Intensity Near-Crashes
with Brake Response

The effect of conflict and near-crash intensityelsvon ACAS effectiveness estimates listed
above was examined for the lead vehicle decelgyratenario with braking at speeds greater
than or equal to 35 mph. There was statisticadigiBcant difference between low-intensity
conflict level and low-intensity near-crash levet(0.036), and between high-intensity conflict
level and low-intensity near-crash level (p= 0.0B43ed on t-test paired two samples for means.
No difference was found in the remaining four conaions (p > 0.17).

ACAS Effectiveness results are not shown for stegponse and brake and steer response
because the number of subjects in each speed bimaeunder 8 subjects except for low-
intensity conflicts with lead vehicle moving resetiywith steering at speeds of 35 mph and
higher, and for low-intensity conflicts with leaghicle decelerating resolved with combined
braking and steering at speeds greater than ot @& mph. There was not statistically
significant difference in the means of exposureveen ACAS-Disabled and ACAS-Enabled
test periods in the latter scenario.

Summary Results of Exposure to Rear-End Pre-Crasha®ios

Based on aggregate data of all drivers, the breakdd driving conflicts by specific scenarios
was similar overall between the ACAS-Disabled ar@iAS-Enabled (Period 4) test periods.
Distributions of LVS, LVM, and LVD scenarios werbserved to be similar between the two
test periods. Moreover, driver/vehicle responsedach of the three scenarios was similarly
distributed across the two test periods and theléwels of conflict intensity. In addition, the
ratio of near-crashes per conflict also remainedstime between the two test periods at each of
the two levels of conflict intensity.

4-60



Driver exposure was investigated for 108 combimetiof scenarios (4 conflict levets3

dynamic scenarios 3 driver responses 3 speed bins). Statistically significant diffecerof
exposure between ACAS-Disabled and ACAS-Enabledesods was found in only 7 of the
108 combinations. The remaining 101 combinaticax$ o statistically significant difference or
fewer than 8 subjects per combination. Table 4is28 the 7 scenarios and provides their
concomitant EE values based on aggregate datarased dverage statistics. In 6 of these 7
scenarios, ACAS was effective in reducing exposoidriving conflicts at travel speeds greater
than or equal to 35 mph. About 54 percent of tbEN\at these travel speeds during the ACAS-
Enabled test period was driven with active FCW caragd to 42 percent with ACC. On the
other hand, ACAS was effective in reducing exposarariving conflicts with statistical
significance in only one scenario at travel spdesta/een 25 and 35 mph. FCW was active in
73 percent of the VDT at this speed range, as ggaptzsonly 1 percent by ACC and 26 percent
in manual control. As seen in Table 4-20, EE valo@sed on aggregate data fall between the
mean and upper bound (95% confidence bound) valassd on driver average statistics in 66 of
the 7 scenarios (travel spee@®5 mph). Moreover, Table 4-20 shows a large béiigin EE
results based on driver average statistics.

Table 4-20. Statistically Significant Estimates oACAS Exposure Effectiveness in Specific
Rear-End Pre-Crash Dynamic Scenarios

ACAS Disabled vs ACAS Enabled P4
Conflict | Dynamic| Driver | Speed Bin A te Driver Average Statistics
Level Scenario| Respons¢ (mph) ggregate Mean Upper Boungl
Low LVS Brake >=35 19% 14% 27%
Intensity LVM Steer >= 35 39% 21% 42%
Conflict LVD Brake >= 3E 26% 18% 30%
High
Intensity LvD Brake >=35 26% 15% 27%
Conflict
Low
Intensity LVD Brake >=35 22% 9% 23%
Near Crash
High Lvs | Brake |77 235;& S| 22% 29% 46%
Intensity
Near Crash| LVD Brake >=35 22% 11% 26%

4.2.2.2 Response to Rear-End Pre-Crash Dynamic Segios

The initiation time and intensity of driver resperts rear-end pre-crash dynamic scenarios were
investigated at different speed bins. Responstion was measured by time-to-collision or
TTC (range/range rate) for LVS and LVM scenariog] by time headway TH (range/host
vehicle speed) for LVD scenario.
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Table 4-21 throough Table 4-23 provide the aveeagkstandard deviation values of TTC and
TH for each of the three scenarios at three speedftr ACAS-Disabled and ACAS-Enabled
(Period 4) test periods, which are associated otispedy with brake, steer, and brake and steer
responses. In addition, these tables list p vahoes two-sample t tests with equal variances so
as to observe differences in driver performancé waitd without ACAS assistance. Some cells
in these tables were left blank because fewer 8aloservations were collected under
corresponding conditions. There were only two ¢mas in which a statistically significant
difference (< 0.05) in response initiation was observed betwbernwo test periods. In
response to low-intensity LVM conflicts at lessntzb mph, subjects initiated braking at TTC of
about 4.0 seconds with ACAS enabled as opposed®tee@onds with ACAS disabled. It should
be noted that ACAS is not active under 20 mph ariyg active between 20 and 25 mph if host
vehicle speed initially passed the 25 mph marke @thmer condition also involved low-intensity
LVM conflicts but with steering response at speleetsveen 25 and 35 mph. In this case,
subjects initiated steering at longer TTC with AC&iSabled than with ACAS enabled. In both
driving modes though, TTC was quite large8(seconds). By considering confidence levels
higher than 85 percent (p < 0.15), there weressiedilly significant differences in response
initiation times between the two test periods iarfother scenarios as indicated in Table 4-24.
Again, the reader is cautioned about the lack blistness in the ACAS-Disabled versus ACAS-
Enabled effects measured since only very few castesf many tests performed were found to
be statistically significant. These might be spusi effects.

Measures of response initiation would have a grepaict on the outcome of Monte Carlo
simulations used for estimation of safety beneéspecially if benefits estimates were based on
FOT data with very few severe near-crashes. Basdbe results shown in Table 4-24, Monte
Carlo simulations were run on only six conditionghvetatistically significant differences in the
mean values between ACAS-Disabled and ACAS-Enaftedod 4) test periods.
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Table 4-21. TTC/TH (sec) and p-Values at Brake Oms by Scenario, Speed, Event, Driving
Mode, and Intensity Level

ACAS Disabled ACAS Enabled p-value
Scenario | Speed Birj Event | Low Int. |High Int. | Low Int. | High Int. |Low Int.|High Int.
Avg| Std] Avg| Std] Avg| Std| Avg| Std
< 25 mph Conflict | 39 1.4 2.9 oy 34 1j0 29 Q.7 0§29 0.29
Lead Vehicld Near Qrasln 26 0|6 22 (45 26 p7 pR2 |06 ).56 0.41
Stopped - >=25&<| Conflict | 43 1.9 3.9 0p 4P 1j0 3J8 (.9 020 0.55
Brake (TTC) 35 mph | Near C_rasln 3b 110 30 49 35 p9 p.8 |07 D.13 0.16
>= 35 mp Conflict | 44 09 42 0p 413 07 41 Q.8 0J15 0.53
Near Cras| 4.C] 0.9 3.3] 0.7) 4.C] 0. 3.7 0.9 0.5€ 0.07
Conflict | 3.9 14 2.y Oy 40 15 28 Q.8 0J05 0.53
< 25 mph
Lead Vehicld Near Qrasln 30 1|6 30 (.9 0]68
Moving - >=25&<]| Conflict | 4.4 1.3 3.6 416 1}4 1.1 0)38 0.73
Brake (TTC) 35 mph | Near Qrasln 37 11 37 1.2 1. D.2 (.83
>= 35 mp Conflict | 51 14 43 1p 50 1{4 43 1.7 0}45 0.93
Near Cras| 4.2 1.€ 43 1.€ 3. 1.2 0.94
< 25 mph Conflict | 1.9 0.4 20 0B 1B 0 49 (.8 0J09 0.62
Lead Vehicld Near Qrasln 18 07 137 46 18 p7 RO 0.7 ).48 0.12
Decelerating >=25&<| Conflict | 24 1.3 2.6 1p 24 12 26 1.2 1]00 0.43
Brake (TH) 35 mph | Near Qrash 2p 09 29 10 23 p9 P9 J0.9 D.43 0.75
>= 35 mp Conflict | 29 14 32 1p 28 14 3J1 13 q28 0.36
Near Cras| 2.8 1.2 4.C| 1.2} 2.8] 1.2] 3.§ 1.1 0.77 0.2€

Table 4-22. TTC/TH (sec) and p-Values at Steer Oasby Scenario, Speed, Event, Driving
Mode, and Intensity Level(highlighted cells refer to p < 0.15)

ACAS Disabled ACAS Enabled p-value
Scenario | Speed Birj Event | Low Int. |High Int. | Low Int. | High Int. |Low Int.|High Int.
Avg| std] Avg| Std] Avg| std| Avg| Std
Conflict | 3.9 1.4 3.4 1.p 3o 0ol6 0.87
< 25 mph
Lead Vehicld Near Crash
Stopped - >=25 & <| Conflict 3.9 1.]
Steer (TTC) 35 mph | Near C_rasln
>= 35 mp Conflict
Near Cras
. = g
< 25 mph Conflict | 8.1 4.9 0.42
Lead Vehicle Near Crash
Moving - >=25&<| Conflict ]10.3 3.1 0.45
Steer (TQ'JTC‘ 35 mph | Near Crash
N Conflict | 874 59 9. 4.3 080 q.37
>=35mp =
Near Cras] 9.€|10.7 0.2C
Conflict | 1.9 1.4 1.8 1.2 0}48 0.47
< 25 mph
Lead Vehicld Near Crash
Deceleratin >=25&<| Conflict | 1.4 0.9 0.710
Steer (TH? 35 mph | Near Crash
_ Conflict | 1.3 0.§ 114 0.]11
>=35mp
Near Cras
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Table 4-23. TTC/TH (sec) and p-Values at Brake an8teer Onset by Scenario, Speed,
Event, Driving Mode, and Intensity Level(highlighted cells refer to p < 0.15)

ACAS Disabled ACAS Enabled p-value
Scenario | Speed Bif Event | Low Int. [High Int. | Low Int. | High Int. ]Low Int.|High Int.
Avg| Std| Avg| Std] Avg| Std| Avg| Std
_ < 25 mph Conflict | 4.4 1.4 4.1 1.p 0.98

Lead Vehicle Near Crash

Stopped - | >= 25 & <| Conflict

Brake & 35 mph | Near Crash
Steer (TTC)| __ Conflict

>= 35 MPR e Cras
Conflict 7.3 2.8

Lead Vehicle <25 mph Near Crash

Moving - | >=25 & <| Conflict

Brake & 35 mph | Near Crash
Steer (TTC)| __ Conflict 9.9 5.2

>= 35 MPR e Cras
_ < 25 mph Conflict | 22 0.4 22 of 23 1j2 25 12 082 0

Lead Vehicle Near Crash
Decelerating] >=25&<| Conflict | 2.3 1.3 21 1] 26 13 24 12 0}40 0

Brake & 35 mph | Near Crash 25 1)1

Steer (TH) >= 35 mp Conflict | 2.4 1.1 2.8 1p 2P 1|3 28 1.4 0]75 0

Near Cras| 2.7 0.7 | 24 1.2f 25 1.3 054

.54

.38

.89

Table 4-24. Summary of Statistically Significant§ < 0.15) Results of Response Initiation
by Scenario, Speed, Event, Driving Mode, and Inteiity Level

Conflict | Dynamic| Driver Speed Bin Mean TTC/TH (sec)
Level | Scenario| Responsd  (mph) | ACAS Disabled | ACAS Enabled |P-V2lu®
Low LVD | Brake <25 1.89 1.84 0.08
ntensity |—CH) Steer >= 35 131 2.09 0.11
oy [ LM [ Brake <25 3.9 4.04 0.05
(TTC) | Stee |>=25& <3¢ 10.2¢ 8.0 0.0
Low
'”ﬁg;ty (#\T/g) Brake |>=25& <35 3.61 3.51 0.13
Crash
High
'”tﬁ;‘;ty (#\T/i) Brake >= 35 3.26 3.65 0.07
Crash
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The onset of brake response to the LVD scenarioalg@msexamined using the TTC measure that
accounts for the deceleration level of the leadoleh Statistically significant differences (p <
0.05) were found in the mean values of this TTGvieen the ACAS-Disabled and ACAS-
Enabled (Period 4) test periods only at vehicledpayreater than or equal to 35 mph. The
results at this speed range are as follows:

— Lowe-intensity conflict — ACAS-Disabled: Mean TTC=2%seconds and standard
deviation= 1.4 seconds; ACAS-Enabled: Mean TTC=sgedonds and standard
deviation= 1.4 seconds; p= 0.02.

— High intensity conflict — ACAS-Disabled: Mean TTG=3 seconds and standard
deviation= 1.4 seconds; ACAS-Enabled: Mean TTC=se&@nds and standard
deviation= 1.4 seconds; p= 0.04.

— Low-intensity near-crash — ACAS-Disabled: Mean TT&6 seconds and standard
deviation= 1.4 seconds; ACAS-Enabled: Mean TTC=s&®&nds and standard
deviation= 1.3 seconds; p= 0.02.

— High intensity near-crash — ACAS-Disabled: MearCFI5.1 seconds and standard
deviation= 1.3 seconds; ACAS-Enabled: Mean TTC=s¢®&nds and standard
deviation= 1.2 seconds; p= 0.04.

Even though the mean TTC is higher in the ACAS-Dlisd test period, this difference is less
than or equal to 0.1 seconds between the two &&ids. This same difference is also reflected
in the TH measure (not statistically significartt}lae onset of brake response.

The intensity of driver response to rear-end pestecrdynamic scenarios was analyzed at two
different speed bins: < 25 mph aa@5 mph. Given the number of conditions and messas
well as preliminary analysis of data, the two spleied were deemed appropriate to compare
driver performance with and without ACAS assistantlree measures of response intensity
during the conflict/ near-crash event were examioe@ach of the three driver responses:
— Brake:
0 Minimum TTC
o Maximum longitudinal deceleration
o0 Average longitudinal acceleration
- Steer:
0 Minimum TTC
0o Maximum lateral acceleration
o0 Average lateral acceleration
— Brake and steer:
0 Minimum TTC
0 Maximum acceleration [((maximum longitudinal accat®ny + (maximum
lateral acceleratiof)"']
o Average acceleration [((average longitudinal acegieny + (average lateral
acceleratiorf)*/?]

Table 4-25, Table 4-26, and Table 4-27 provideaerage and standard deviation values of

minimum TTC (TTCmin) for each of the three scensuab two speed bins for ACAS-Disabled
and ACAS-Enabled (Period 4) test periods, whichassociated respectively with brake, steer,
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and brake and steer responses. In addition, thbkes list p values from two-sample t tests to
find any statistically significant differences imetmeans of minimum TTC between the two test
periods. There were only three conditions in whadtatistically significant difference €

0.05) in minimum TTC was observed between the &gt periods: one from brake response and
two from steer response. In response to low-intgh¥M conflicts at less than 25 mph, the
average minimum TTC due to braking was 3.3 secwritfisACAS enabled as compared to 3.2
seconds with ACAS disabled, a difference of only€econd. Significant differences in the
means of minimum TTC between the two test perioeievinuch larger in steering response to
lead vehicle decelerating conflict at low-and higtensity levels. In both levels, the average
minimum TTC values were smaller with ACAS enableart with ACAS disabled by a
difference of 0.4 and 0.6 seconds respectivelyowrand high-intensity levels. This suggests
that ACAS might increase the safety risk of driveisen steering in response to the LVD
scenario at speeds greater than or equal to 25 iptstatistically significant difference was
observed in average value of minimum TTC betweertwo driving modes with brake and steer
response due mostly to the low number of evengaain condition.

Table 4-28 provides statistically significant résudf differences in minimum TTC between
ACAS-Disabled and ACAS-Enabled test periods, caerand) confidence levels higher than 85
percent (£ 0.15). Again, the reader is cautioned aboutdlk bf robustness in the ACAS-
Disabled versus ACAS-Enabled effects measured singevery few cases out of many tests
performed were found to be statistically significan

In addition to the three situations o&f.05 discussed above, there were three more wéites
travel speeds below 25 mph. At this speed ran@AR\is generally not active. In two of the
new cases, drivers with ACAS enabled had higheimum TTC than with ACAS disabled.
This suggests that ACAS had some positive safgbaanin this speed range.

Table 4-25. TTCmin (sec) and p-Values during Brak&esponse by Scenario, Speed, Event,
Driving Mode, and Intensity Level (highlighted cells refer to g0.05)

ACAS Disabled ACAS Enabled p-value
Scenario Speed Bil Event | Low Int. |High Int. | Low Int. | High Int. |Low Int.|High Int.
Avg| Std| Avg] Std] Avg| Std| Avg| Std
. Confiict | 2.4 09 21 ofF 26 o8 A1 44 ojiz g2
Lead Vehicl
eSatoppeedIC-e <2 MPhRcarcrash 1B o3 14 42 18 p3 [a |02 55 .26
Brake | o= 25 mprlconfict | 24 04 2% of 28 Og 32 g4 1o Q2
Near Cras| 1.9 0.4 1.6 0.3 19 0.3 15 03 031 03¢
. Conflict | 34 0.1 2.8 Op 3B o7 23 43 o0Jo2  g21
Lel\fjgv\i/neh'_de < 25 MPN I Rcar Crash_ 2l 03 A4 3 0j19
Brakz = 25 mprlConfict [ 38 04 24 o 35 07 43 ¢4 _oji7 Q29
Near Cras] 2.5 0.4 24| 04 0.3¢
. Confiict | 3d 04 2.6 0f 30 08 26 46 03 100
égigé‘;gfle < S mph e Crash 2B o5 15 d4 33 p5 L7 [o6 74 .30
e 55 ol Conflict | 39 14 33 1 3p 12 d3 {1 1o 100
P Near Cras| 2.6] 0.6] 3.4 1.1 2.6 0. 34 1.1 06 061
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Table 4-26. TTCmin (sec) and p-Values during StedResponse by Scenario, Speed, Event,
Driving Mode, and Intensity Level

ACAS Disabled ACAS Enabled p-value
Scenario Speed Bil Event | Low Int. |High Int. | Low Int. | High Int. JLow Int.|High Int.
Avg| Std| Avg| Std] Avg| Std| Avg| Std
< 25 moh Conflict | 2.7 1.3 2y 1p 0.92
Lead Vehicle P Near Crash
- 2) I [« 4 3
Stopped Ste,r>: 25 mp Conflict | 3. 0.9 27 1.1 0.38
Near Cras
< 25 moh Conflict | 3.4 1.1 3.7 0.p 0.716
Lead Vehicle P Near Crash
Moving - Steer>_ 25 'm Conflict | 3.7 0.4 23 0B 3|6 0|7 2 4.4 0J24 0
~ <> MPTNear Cras| 2.9 0.2 25 05 0.77
Lead Vehicle| < 25 mph Conflict | 3.1 0.4 28 0B 35 0|6 J (.4 008 0
Deceleratin Near Crasiy
g _ Conflict | 3.4 0.5 3.2 0B 32 07 2 (.5 005 0
Steer >=25mp
Near Cras

Highlighted cells refer to g0.05

.35

.26

.01

Table 4-27. TTCmin (sec) and p-Values during Brakend Steer Response by Scenatrio,
Speed, Event, Driving Mode, and Intensity Level

ACAS Disabled ACAS Enabled p-value
Scenario Speed Bi Event | Low Int. |High Int. | Low Int. | High Int. |Low Int.|High Int.
Avg| Std] Avg] Std] Avg| Std| Avg| Std
Lead Vehicle| < 25 mph Conflict | 2.4 1.0 3.0 0.f 0.15
Near Crash
Stopped - Conflict
Brake & Steef >= 25 mp Near Cras
Lead Vehicle] < 25 mph Conflict
Moving - Near Crash
Brake & Steef >= 25 mp Conflict 3.3 0.4 36 0p 0.16
Near Cras
i ; b
Lead Vehicle| < 25 mph Conflict | 2.1 0.4 2% Oop 25 0|8 2 (.6 0{66 0
Deceleratin Near Crasi
Brake&Stege >= 25 mp Conflict | 3.1 0.9 2.7 0p 30 0O)7 2 (.5 0f25 0
Near Cras] 2.3] 0.4 2.1] 0.3 2.3 04 2.1f 0.4 0.5t 0.7
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Table 4-28. Summary of Statistically Significant§ < 0.15) Results of Minimum TTC by
Scenario, Speed, Event, Driving Mode, and Intensitizevel

Conflict | Dynamic Driver Speed Bin Mean TTCmin (sec)
Level | Scenarioj Response (mph) | ACASDisabled | ACAS Enabled PRI
LVS Brake <2t 2.7 2.6 0.11
Low Brake & Stee < 2t 2.4 3.0 0.1f
Intensity <25 3.1 3.5 0.08
Conflict | -VP Steer >= 25 3.6 3.2 0.05
LVM Brake <2t 3.2 3.3 0.0z
High
Intensity | LVD Steer >=25 3.2 2.6 0.01
Conflict

The analysis of response intensity using measuhes than minimum TTC yielded few
statistically significant differences between ACB%abled and ACAS-Enabled (Period 4) test
periods. Other measures encompassed peak andi@eaeelerations for brake, steer, and brake
and steer responses. Table 4-29 lists a summatatistically significant results of these
measures for g 0.05, which all belong to brake response onlyerEthough the results are
statistically significant, these differences in me&alues between the two driving modes are
almost negligible — difference < 0.2 m/s2. Thauhssshown in Table 4-28 and Table 4-29
suggest that drivers would exhibit similar respoimsensity with and without the assistance of
ACAS once they encountered a driving conflictsHbuld be noted, however, that the majority
of conflicts encountered during the FOT was of gamature based on the mean values of
response intensity measures (minimum TTC > 1.5rms;aaverage deceleration < 0.2 g, and
peak deceleration < 0.25 g).

Table 4-29. Summary of Statistically Significantf§ < 0.05) Results of Acceleration by
Scenario, Speed, Event, Driving Mode, and Intensitizevel

Conflict | Dynamic| Driver Speed Bin Measure Mean Value (m/s”2) value
Level | Scenario] Responsd (mph) ACAS Disabled | ACAS Enabled [P
Low Lvs | Brake >= 25 Average 17 17 0.04
Intensity Deceleratio
. _ Peak
Conflict LVM Brake >=25 . -1.9 -2.0 0.02
Deceleratior]
High
Intensity [ LVS | Brake >= 25 DecF;(Iaearl;tior 2.3 2.4 0.002
Conflict
<25 Peak. 23 22 0.002
Deceleratior]
Low Peak
Intensity | VS Brake >225 | oo i 2.4 2.5 0.02
Near Average
Crash >=25 | 5o celeratio -2.0 -2.2 0.001
LvD | Brake >= 25 Peak 22 23 0.002
Deceleratiorf
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Summary Results of Response to Rear-End Pre-Coastafos

Overall, driver response to driving conflicts wasitar between ACAS-Disabled and ACAS-
Enabled (Period 4) test periods with few exceptiofilse analysis of response initiation
measures (TTC or TH) revealed only 6 statisticaiiyificant (p< 0.15) differences in mean
values between the two driving modes — 6 out of d@¥8binations of scenarios (4 conflict levels
x 3 dynamic scenarios 3 driver responses 3 speed bins). There were only two statistically
significant (p< 0.05) differences in mean TTC values betweenwiwedriving modes in

response to LVM scenarios at speeds below 35 riple. examination of TTC for the LVD
scenario, taking into account the decelerationllet/the lead vehicle, identified statistically
significant differences (p < 0.05) between the nseafithe two test periods at vehicle speeds
greater than or equal to 35 mph. However, thiedihce was only 0.1 seconds or less in each of
the four conflict-intensity levels.

The analysis of response intensity measures idesfiéw cases where differences were found
between ACAS-Disabled and ACAS-Enabled (Perioded) periods. These differences however
were very small. There were only three statidijycginificant (p< 0.05) differences in mean
values of minimum TTC between the two test periedisree out of 72 combinations (4 conflict
levelsx 3 dynamic scenarios 3 driver responses 2 speed bins). Moreover, there were 7
statistically significant (& 0.05) differences in mean values of peak and geetdaceleration
between the two test periods — 7 out of 144 contigina (4 conflict levelsx 3 dynamic

scenarios< 3 driver responses 2 speed bing 2 measures).
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4.2.2.3 Safety Benefits Estimation

This section estimates potential safety benefitR@AS based on driver/vehicle performance
data in driving conflicts encountered during theTR@ith ACAS disabled and ACAS enabled.
The safety benefits are projected in terms of thalver of rear-end crashes that ACAS might
prevent annually. This is a nonclassical apprdagiredict safety benefits of a crash
countermeasure system using noncrash data. Thearwhpreventable rear-end crashes, B, is
expressed as follows:

B= Ny, X SE (5)

where,
Nwo= Annual number of rear-end crashes prior to ACASl@gment
SEE Total ACAS effectiveness in mitigating rear-endstres

Based on 2002 GES statistics, light vehicles wevelved in 1,791,000 police-reported rear-end
crashes in the United States. The number of nediceashes not reported to the police is
estimated at about 1.2 times police-reported radregashes. Thus, an estimate qf I$
approximately 3,940,000 crashes annually. Gengi@l can be estimated from the following
equation:

SE=Y R, [C)x ES) ©)

where,
Pwo(S|C)=  Probability of an encounter with driving conflstenario Sprior to a crash
given that a rear-end crash has happevidtbut ACAS assistance
E(S)= ACAS effectiveness in scenarip S

The values of 2(S|C) are obtained from the GES for LVD, LVS, and L\&enarios preceding
rear-end crashes. Based on GES statistics, tlasesvare 0.61, 0.28, and 0.08, respectively.
The values of E($pare computed from FOT data using Equation 2.cdmpute E(§, values of
the Exposure Ratio and Prevention Ratio were egganiaom FOT data as explained below.

Based on statistically significant results of Sact#.2.2.1, ACAS was effective in reducing the
exposure of drivers to 7 combinations of rear-erdgrash dynamic scenarios. Values of their
Exposure Ratio are derived from Table 4-20. IntiSect.2.2.2, the difference in response
initiation between ACAS-Disabled and ACAS-Enablesttperiods was statistically significant
(p < 0.15) in 6 combinations of scenarios. Theleeas again cautioned about the lack of
robustness in the ACAS-Disabled versus ACAS-Enabféatts measured since only very few
cases out of many tests performed were found giditstically significant. These might be
spurious effects. Since ACAS is intended to waattentive drivers of an impending rear-end
crash, its main goal then is to speed up drivggaese to driving conflicts ahead. Monte Carlo
simulations were executed on these 6 scenariog dgstributions of response initiation
measures as well as other distributions to estith@@robability of a crash with and without
ACAS assistance (fPC|S) and R,(C|S)). These estimates of the probability ofaskrwere
used to compute values of the Prevention Raticainld 4-30 as discussed below. Table 4-30
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lists the scenarios, provides values for relevapbsure ratios, and identifies those that require
estimates of prevention ratios for safety beneftsmation. Values of E(Sare computed from
estimates in Table 4-30.

Table 4-30. Scenario Data as a Basis for EstimatirSafety Benefits

Low Intensity High Intensity Low Intensity High Intensity
Dynamic Driver Speed Bin Conflict Conflict Near Crash Near Crash
Scenario | Response (mph) Prev. | Exp. Prev. Exp. Prev. | Exp. | Prev. Exp.
Ratio | Ratio Ratio Ratio | Ratio | Ratio | Ratio Ratio
— *
LVS Brake >=25& <35 0.71
>=35 0.86 *
Brake <25 *
LVM >=25&<35 *
Steer
>=35 0.79
< *
Brake 2
LVD >= 35 0.82 | o085 0.91 0.89
Steer >=35 *

Prev. Ratio= Prevention Ratio
Exp. Ratio= Exposure Ratio
*. To be estimated by Monte Carlo simulations

Prevention Ratio Estimation Using Monte Carlo Siatigins

Monte Carlo simulations were executed to estintfaegorevention ratios for the scenarios
denoted with an asterisk in Table 4-30. Table 4is34 the variables and their concomitant
values used in the simulations. Data for initahditions of each scenario and response
initiation (TTC) variables were drawn from the FQUhich vary between the ACAS-Disabled
and ACAS-Enabled test periods. Data for respomsssity (@ and @), representing evasive
maneuvers, were selected by the independent eval@ted on data from different experiments
in the literature. Distributions of the responstnsity were assumed to be normal and the same
for the ACAS-Disabled and ACAS-Enabled test perio@lbus, estimates of the prevention ratio
were influenced by the initial conditions of thesario and response initiation. One million
iterations were exercised to compute the probglmfita crash in each scenario with ACAS
disabled (R,(C|S)) and then with ACAS enabled,(EB|S)). The values of5C|S) and R(C|S)
were based on the average of 10 runs for eacH getations. The “Prevention Ratio” is simply
Pu(C[S)/Rio(CIS).

The simulation of the low-intensity conflict LVM snario with steer response at speeds between
25 and 35 mph yielded no crashes due to the highvalues at response initiation in the
ACAS-Disabled and ACAS-Enabled test periods. Tiheukation of the low-intensity conflict

LVD scenario with brake response at speeds belomf@% produced positive results with ACAS
enabled even though the mean value of TH at braketavas slightly less with ACAS enabled
than with ACAS disabled. This was due to highestlg speeds at brake onset in the ACAS-
Disabled test period than the ACAS-Enabled tesoderlt should be noted that the results of
response initiation were statistically significantp< 0.05 in only one scenario in Table 4-31:
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low-intensity conflict LVM scenario with brake respse at speeds below 25 mph. The results of
response initiation for other scenarios in TabBl4were statistically significant atp0.15.

Table 4-31. Monte Carlo Simulation Data and Resudt

ACAS Disabled] ACAS Enabled|Prevention
Scenario Speec | Variable | Distribution | Mean| Std. DeM. Meah Std. Dgv. Ratio
Low Intensity Near | 25-35| TTC (s)] Lognormal] 3.6 1.0 3.5 0.9 1
Crash: LVS - Brake | mph a (9) Normal 0.6 0.1 0.6 0.1
High Intensity Near | >=35 | TTC (s)] Lognormal] 3.3 0.7 3.7 0.9
Crash: LVS - Brake | mph a-(9) Normal 0.6 0.1 0.6 0.1
TTC (s)] Lognormal] 3.9 1.5 4.0 1.5
< 25 mph v, (mph) Normal 8.3 4.3 8.7 45 0.27
& (9) Normal 0.4 0.1 0.4 0.1
TH (s) | Lognormal] 1.9 0.8 1.8 0.7
Low Intensity Conflict; <25 mp v, (mph)]  Normal 14.14 4.4 14.% 4.3
LVD - Brake a (9) Normal 0.17 0.05 0.17 0.05
& (9) Normal 0.6 0.1 0.6 0.1
TH (s) | Lognormal 1.3 0.8 2.1 1.4
Low Intensity Conflict] >=35 |k (mph)l Normal ] 34.2 15 34.% 15
LVD - Steer mph g (9) Normal 0.17 0.06 0.2 0.09 0.79
ILCD (ftf)] Normal 12.0 2.5 12 2.5
alLat (g) Normal 0.2 0.1 0.2 0.1
ILCD= Intended lane change distance
alLat= Lateral acceleration

g=9.81 m/8 1m=3.281ft

0.73

Low Intensity Conflict;
LVM - Brake

0.78

Table 4-32 lists estimates of ACAS effectivenesspacific scenarios, E{Sbased on results
presented in Table 4-30 and Table 4-31. Thesmatds were computed from values of
“Exposure Ratio” and “Prevention Ratio” as indichie Equation 2. All but one of the seven
estimates were derived from driver/vehicle perfanoeain low-intensity conflicts during the
FOT. The remaining one was based on driver/velpiefeormance in high-intensity near-crash
LVS scenarios with brake response between 25 amd@b There were two estimates of ACAS
effectiveness in LVS scenarios with brake resp@tspeeds greater than or equal to 35 mph.
One estimate is based on the exposure ratio inngemsity conflicts and the other is based on
the prevention ratio in high-intensity near-crash€le low-intensity conflict estimate was
selected for safety benefits estimation becausexpesure ratio is more statistically reliable
than the prevention ratio in this case.
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Table 4-32. Estimates of ACAS Effectiveness in Sgéc Scenarios

Dynamic | Driver S — Speed Bin E(S)
Scenario | Response (mph) E|E | Ey
LVS Brake High Intensity Near C_ra: >=25 & < 3¢ 10.2€)0.12]0.4¢€
Low Intensity Conflict >= 35 0.14 0.0 0.p7
LVM Brake Low Intensity Conflict <25 0.73
Steer Low Intensity Conflict >= 3¢ 0.21]0.0C| 0.4<
Brake Low Intensity Conflict <25 0.27
LVD Low Intensity Conflic >= 35 0.18 0.0p 0.30
Steer Low Intensity Conflic >= 35 0.2]

E, = Lower bound of E estimate based on 95% confidénad
E,= Upper bound of E estimate based on 95% confidkvesd

Projection of Safety Benefits

As indicated in Equation 6, total ACAS effectives@s preventing rear-end crashes, SE, is
calculated using estimates of B(&s well as estimates of corresponding baseliaghcdata
Puwo(S|C). Table 4-33 provides a distribution of read-enashes by pre-crash scenario and
attempted avoidance maneuver prior to the crasbdbas the 1996-1997 Crashworthiness Data
System (CDS). Pre-crash scenarios are identifigde GES and CDS from coded qualitative
data that distinguish between vehicle dynamic state do not provide any quantitative
information, for instance, about the deceleratialug of the decelerating lead vehicle or how
long the lead vehicle was stopped prior to impddte CDS is a better source than the GES to
obtain data on avoidance maneuvers attempted Ygrdmprior to rear-end collisions. CDS files
are based on a detailed investigation of the caaslhcontain fewer unknowns about the
avoidance maneuver. Table 4-34 provides a digtobwf rear-end crashes by pre-crash
scenario and vehicle speed based on the 2000 B&th.travel speed and speed limit data are
presented. Ideally, travel speed crash data arbdtier source to estimate the safety benefits.
Unfortunately, over 60 percent of the travel speéath in both the GES and CDS are coded as
“unknown.” Thus, speed limit crash data with veayw coded unknowns might provide an
alternative or surrogate source to travel speedhduld be noted that distributions of baseline
crash data by scenario, speed, or attempted ava@daaneuver usually remain constant through
the years.

Table 4-33. Percent Distribution of Rear-End CrastData by Scenario and Attempted
Avoidance Maneuver (Based on 1996-1997 CDS)

Pre-Crash Scenario
Maneuver LVS LVD LVM
Brake 58 64 71
Steer 10 1 3
Brake & Steer 20 10 2
None 12 25 24
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Table 4-34. Percent Distribution of Rear-End CrasiData by Scenario and Vehicle Speed
(Based on 2000 GES)

Scenario mph Travel Speedf Speed Limit

<25 49 1

LVS |>=25& < 3§ 21 17
>= 3E 30 83
<25 56 1

LVD |[>=25&<3t 15 17
>= 3E 30 82
<25 27 1

LVM |>=25 & < 3§ 14 16
>= 3E 59 84

*: > 60% coded as "unknown"

Figure 4-42 displays a range of estimates for A@HKEctiveness in preventing rear-end crashes
(SE) based on different types of crash data appdigthuation 6 for combinations of scenarios,
maneuvers, and vehicle speeds. It should be rloaCAS effectiveness in low-intensity

LVD conflict at speeds below 25 mph (Table 4-32ywacluded from safety benefits estimation
due to a non statistically significant differenoemean TTC values accounting for lead vehicle
deceleration between the two test periods at ffleed range. Upper and lower bound estimates
for ACAS effectiveness are also provided based®p&icent confidence level. Mean SE
estimates vary between 6 and 15 percent, lowerd&8Ehestimate might be as low as 3 percent,
and upper bound SE estimate could be as high psrzént. Applying these SE estimates to
Equation 5, ACAS might avoid between approximafed@,000 (lowest 95% confidence bound)
and 1,039,000 (highest 95% confidence bound) nedreeashes in the United States annually if
fully deployed in the light-vehicle fleet. Based mean SE estimates, the number of preventable
rear-end crashes with ACAS assistance varies bat2®4,000 and 593,000 crashes depending
on crash statistics used in Equation 6.

30%

25%

20%

15% _‘, l’

10%

omm e

0% T T T

Travel Speed w/o Travel Speed w Speed Limit w/o  Speed Limit w
Maneuver Data Maneuver Data Maneuver Data Maneuver Data

ACAS Effectiveness (SE

Crash Data

Figure 4-42. Estimates of ACAS Effectiveness in Bventing Rear-End Crashes
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Summary Results of Safety Benefits Estimation

ACAS, as an integrated system of FCW and ACC foaneti has the potential to prevent about 6
to 15 percent of all rear-end crashes depending®source of crash data used for safety
benefits estimation. This system effectivenesgearbetween 3 and 26 percent according to 95
percent confidence bounds. By averaging estinfedesthe four sources of crash data, ACAS
might prevent about 10 percent of all rear-endreasvith variability between 3 and 17 percent
based on 95 percent confidence bounds. As a fégtRS might avoid between approximately
133,000 and 687,000 rear-end crashes in the USimeés annually. About 17 percent of these
benefits based on travel speed rear-end crastadateccrued from response to driving conflicts
at vehicle speeds below 25 mph, 20 percent of thesefits are attributed to less exposure to
driving conflicts at vehicle speeds between 25 2mdnph, and the remaining 63 percent of these
benefits are also attributed to less exposureitangdrconflicts at speeds greater than or equal to
35 mph. On the other hand, 9 percent of the bisnadised on speed limit rear-end crash data are
due to vehicle speeds between 25 and 35 mph wWialeemaining 91 percent are found at speeds
greater than or equal to 35 mph. It should bechtitat FCW was active in only 4 percent of the
VDT below 25 mph. At speeds between 25 and 35 m@hY and ACC accounted respectively
for 73 percent and 1 percent of all VDT at thisexpeange. FCW and ACC accounted
respectively for 54 percent and 42 percent of &8lMat speeds greater than or equal to 35 mph.
These projections of safety benefits are consenvastimates due to the exclusion of system
effectiveness in some scenarios represented by tevae 8 subjects (Section 4.2.2.1), and a
“best guess” given the nature of data collectedhguthis FOT. There were no crashes in this
FOT, and subjects generally experienced few saeweae-crashes as discussed below.

4.3 NEAR CRASH ANALYSIS

This section examines driver exposure and respmnsevere near-crashes at low and high-
intensity levels from FOT numerical data (humergpisodes). Severe near-crashes were
defined based on the following criteria imposedwa measures of response intensity:
minimum TTC must be less than or equal to 3 secandgpeak deceleration/acceleration must
be greater than 0.3g. This analysis was conddoteall drivers at the aggregate data level. In
addition, this section identifies video episodéggered by ACAS crash-imminent alerts that
might have prevented a crash, near-crash, or Haakyng by the host vehicle. These episodes
were judged based on driver distraction immedigbelyr to the crash-imminent alert, or on high
peak deceleration exerted by the driver after te en response to the driving conflict.

4.3.1 Analysis of Numerical Near-Crash Episodes

This analysis examines and compares near-crashesdreACAS-Disabled and ACAS-Enabled
(Period 4) test periods. LVS, LVM, and LVD scepanear-crashes were considered at low-and
high-intensity levels. Severe near-crashes wemetifiled from all near-crashes based on the
following criteria imposed on each of the thregomsse types:

— Brake:

0 Minimum TTC is less than or equal to 3 seconds, and
o Maximum longitudinal acceleration is less than ¢0.3
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— Steer:
0 Minimum TTC is less than or equal to 3 seconds, and
o Maximum lateral acceleration is greater than 0.2g

— Brake and Steer:
0 Minimum TTC is less than or equal to 3 seconds, and
o0 Maximum acceleration is greater than 0.3g

The minimum TTC criterion above was selected tmemngass most near-crashes as defined in
Appendix C, and the associated acceleration aiteere imposed to ensure that a considerable
action was taken by the driver to resolve the meash. Table 4-35 provides the counts of all
and severe near-crashes at low-and high-interesigld by driver response and ACAS test
periods. Moreover, the ratio of the count of sevear-crashes over the count of all near-
crashes is also included in Table 4-35. This natslightly higher with ACAS enabled than with
ACAS disabled for total near-crashes at the lownstty level. On the other hand, this ratio is
the same between ACAS-Disabled and ACAS-EnabledqgPé) test periods for total near-
crashes at the high-intensity level. Thus, ACA8goot appear to have an impact on the ratio
of severe near-crashes over all near-crashebouid be noted that no statistical tests were
performed to support these observations.

Table 4-36 lists the number of all and severe geashes per 1,000 km traveled at low-and high-
intensity levels by driver response and ACAS tesiqals. Overall, the data show lower
exposure rates to severe low-intensity near-crasitasACAS enabled than with ACAS

disabled except for the steer response. In cdn&&AS effectiveness was prevalent in all
severe high-intensity near-crash scenarios. Figut8 and Figure 4-44 illustrate the
effectiveness of ACAS in reducing exposure to atl aevere near-crashes respectively at low-
and high-intensity levels. The data show that AG&&ore effective in reducing overall
exposure to severe near-crashes at the high-itydegel than at the low-intensity level. These
results suggest positive safety impact by ACAS itigating the occurrence of severe near-
crashes by about 20 percent based on aggregatel&@Trom all subjects.

Table 4-35. Breakdown of All and Severe Near-Cras@@ounts and Ratios

Low Intensity Near Crash High Intensity Near Crash

Responsg ACAS All Severe Ratiq All Severe Ratlo

Brake Disabled 2,8634 403] 0.14 5642 108 0.19
Enable( 4,057 64z ] 0.1€ 79¢ 153 0.1¢

Steer Disabled 48 6] 0.1 17 4 0.34
Enable( 69 14] 0.2C 28 7| 0.2¢

Brake & | Disabled 31 9 0.29 20 8 0.40
Steer | Enablet 36 10| 0.2¢ 22 8| 0.3¢€
Total Disabled 2,943 418] 0.14 599 120 0.2
Enable 4,162 66€ | 0.1€ 84¢ 16€ | 0.2C

Ratio= Severe near crashes/All near crashes
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Scenario - Response

Table 4-36. Number of All and Severe Near-Crashegger 1,000 Km Traveled
Low Intensity Near Crash High Intensity Near Crash
Respons | ACAS All Severe All Severe
Brake Disabled 79 11 16 3
Enable 63 10 12 2
Steer Disabled 1.3 0.17 0.% 0.11
Enable 1.1 0.2z 0.4 0.11
Brake & | Disabled 0.9 0.25 0. 0.27
Steer | Enable: 0.€ 0.1¢€ 0.3 0.12
Total Disabled 81 12 1y 3.3
Enable« 65 10 13 2.€
m All @ Severe
50%
40%
7
o 30% |
2 20%
[S]
i h . h
L
n 0%
§ -10% Brake Steer Brake & Steer Total
-20%
-30%

Negative percentage refers to an increase in exposure.

Crashes
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Figure 4-44. ACAS Effectiveness in Reducing Encoters with High-Intensity Near-
Crashes

ACAS settings for FCW and ACC were examined irealll severe near-crashes at low-and
high-intensity levels. Figure 4-45 and Figure 4eiplay the distributions of all and severe
near-crashes by FCW sensitivity settings respdgtatdow-and high-intensity levels. It should
be noted that FCW sensitivity setting only contitbks visual alert scheme and not the crash-
imminent alert. The data show minor differencethmdistributions between all and severe
near-crashes by FCW sensitivity settings. Theethighest settings — S1, S3, and S6 — observed
in near-crashes correspond to the same highestgsesielected by FOT subjects in their overall
VDT with FCW in Period 4. Figure 4-47 and Figurd8 illustrate the distributions of all and
severe near-crashes by ACC gap settings respgctiveiw-and high-intensity levels. There are
minor differences with ACC in the distributions Wween all and severe near-crashes at the low-
intensity level. In contrast, there is an obselwalifference with ACC at the high-intensity
level. The majority of severe high-intensity neeaishes with ACC occurred at 1-second gap
setting. The reader is cautioned about this olasernv because high-intensity level distributions
with ACC were based on a very small number of cateshould be noted that the distributions
presented in Figure 4-47 and Figure 4-48 do ndli@ACC gap setting choices set by FOT
subjects in their overall VDT with ACC in Periodldighest settings were 1.4 and 2 seconds).
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Figure 4-45. Distribution of Low-Intensity Near-Crashes by FCW Sensitivity Setting
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Figure 4-46. Distribution of High-Intensity Near-Crashes by FCW Sensitivity Setting
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Figure 4-47. Distribution of Low-Intensity Near-Crashes by ACC Gap Setting
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Figure 4-48. Distribution of High-Intensity Near-Crashes by ACC Gap Setting
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4.3.2 Analysis of Video Episodes

This analysis identifies video episodes triggerg@iash-imminent alerts in which drivers were
inattentive or had to exert an intense respons&aal a rear-end collision. The intent of this
analysis was to point out events that the ACAS passibly helpful in preventing a rear-end
collision or potentially heavy braking that migeall to someone else striking the ACAS vehicle
from the rear. Based on observations of videoogl@s, the analysts subjectively identified 24
such events from the ACAS-Enabled test period @@erB and 4). This is not to say that these
were the only episodes where ACAS showed a posstifety impact. Many other episodes
were also observed where ACAS played a beneficlalin providing timely alerts to drivers
and thus assisted them in resolving potentiallgtyadritical situations. These 24 episodes,
however, provided dramatic evidence of the posg@atety potential of ACAS. Table 4-37
provides a summary of these 24 episodes.

Table 4-37 is partitioned into two sets of evetits:first set are events where the driver was
clearly distracted with eyes not directed towar rtbad ahead at the time of the critical event
(e.g., lead vehicle brakes), and the second satevthe driver was not distracted based on the
observation that the driver was looking at the ro@te table lists the time headway at the start
of the event prior to the ACAS warning. Next, thble shows the time to collision (range to
lead vehicle/closing speed) at the time of ACASnay, time to collision at the time of the
driver’s initial response to the ACAS warning, ahd minimum time to collision during the
event. The peak braking deceleration @ndsiring the event is also provided. Figure 4-49
illustrates the distribution of these peak decéiena. A brief description of the event is also
noted.

For the 11 driver distracted events, it was clbat the driver was unaware of the critical events
ahead as their eyes were not on the road. ACA&dlthe drivers of the lead vehicle braking
(in one case the lead vehicle was stopped) anditiee responded to the alert by braking to
avoid a crash. For the 13 not-distracted evehésdtiver appeared to be looking at the road
ahead; however, there are at least two explanatwvghy the driver failed to respond to the
event prior to being warned by ACAS. In severalaions, the events were sudden and
unexpected such as: sudden braking by lead vehitdad vehicle conflict with a bike, a sudden
new and stopped lead vehicle. In other situatitmesdriver may have been cognitively
distracted and failed to notice unfolding eventsrethough he/she was looking at the road. In
11 of the 13 cases, the lead vehicle braked andriher responded by braking only after being
warned by ACAS. In one case, the lead vehiclest@sped and in another case the driver's
response to the ACAS warning was to brake and.stearall 24 cases, the drivers’ responses to
ACAS warnings were relatively severe as measuretiéyeak braking rate (Myshown in
Figure 4-49. The mean braking rate is about 4$; s is quite high (about 0.5 g) and rarely
encountered.
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Figure 4-49. Distribution of Peak Braking Rates fo ACAS Crash Avoidance Events

An examination of video episodes triggered by cliasminent (silent) alerts during the ACAS-
Disabled test period revealed 4 more cases whe&SA&ould have been very helpful as well.
In 3 of these cases, subject # 31 was distracbedifig in rearview mirror, looking down inside
the car, and retrieving something from his rigkie$iwhen the silent alert was issued. The
subject, however, managed to resolve the conflidcirbking at peak deceleration levels of 5.1,
3.5, and 5.1 mfs In the fourth case, subject # 48 braked afterallert at a peak deceleration
level of 7.5 m/§in response to a lead vehicle cutting in fronit @mtered the highway.

Summary Results of Severe Near-Crash Analysis

ACAS has the potential to reduce the number ofreenear-crashes per 1,000 km traveled by 10
percent and 20 percent respectively for low-andhgensity levels based on aggregate FOT
data from all subjects. FCW sensitivity settings bt affect the frequency rate of severe near-
crashes. Similarly, ACC gap settings did not hawvémpact on the frequency rate of low-
intensity severe near-crashes. However, 1-secapdéetting was prevalent in high-intensity
severe near-crashes. This result must be takéncaittion since there were very few high-
intensity severe near-crashes with ACC during @& F
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Table 4-37. Summary Data, ACAS Crash Avoidance Ewvs

Time Headway | Time to Collision | Time to Collision | Time to Collision|Peak Brake]
Subject| Start of Event |at ACAS Warning|at Driver Responsq Minimum m/s2 Scenario Description
Driver Distracted

32 1.8 4.5 3.3 3.2 -3.4 Driver looking in rearview mirrbead vehicle brakes. Driver brakes after ACASnirzg.

33 2.0 5.0 4.9 4.3 -2.4 Driver looking away to left. Laaghicle brakes. Driver brakes after ACAS warning.

36 1.8 6.1 4.6 3.6 -6.0 Driver looking in side mirror.adevehicle brakes. Driver brakes after 3rd ACASnhirzg.

48 1.8 5.5 2.5 1.0 -4.5 Driver looking down. Lead vehimlakes to stop. Driver brakes after ACAS warning.

49 2.1 4.1 3.2 2.1 -4.7 Driver looking in rearview mirrbead vehicle brakes. Driver brakes after ACASnirg.

53 1.3 6.1 2.5 2.2 -3.8 Driver retrieving something. Leabicle brakes. Driver brakes after ACAS warning.

65 1.1 6.7 5.6 2.8 -6.3 Driver looking back talking tarseat passenger. Lead vehicle brakes. Driveebrakter ACAS
Driver looking in rearview mirrorLead vehicle stoppe. Driver brakes after ACAS warning. Le

69 4.2 3.4 3.3 3.0 -4.0 |vehicle initially detected at 76.7 m, lost at 7in8and re-detected at 63.3 m.

79 1.0 4.5 4.2 3.6 -5.8 Driver looking in rearview mirtorpass decelerating LV. Driver brakes after AGR&8ning.
Driver reading and then retrieving something froght side. Lead vehicle brakes. Driver brakes

79 1.5 5.2 2.8 2.5 -4.6  JACAS warning.

84 2.C 4.€ 2.3 1.¢ -6.7 Driver looking in rearview mirror. Lead vehicle les. Driver brakes after ACAS warni

Driver Not Distracted

32 1.1 7.3 6.0 4.5 -3.5 Lead vehicle brakes hard suddenhjighway. Driver brakes after ACAS warning.

34 1.3 6.5 4.2 2.8 -5.6 Lead vehicle brakes hard. Diivakes after ACAS warning.

35 2.4 3.1 3.0 2.4 -4.2 Lead vehicle brakes, host appingdast. Driver brakes after ACAS warning.

37 1.4 19.0 6.0 3.8 -6.7 Lead vehicle brakes hard sugderdnset of yellow signal. Driver brakes after &&warning.
Lead vehicle brakes to turn right, then stops fkebDriver brake:and steer after ACAS warning

38 4.4 3.6 2.8 1.4 -1.5 |Radar did not declare CIPV until 72 m away.

42 1.6 16.2 4.5 2.9 -5.5 Lead vehicle brakes. Driver &ésadfter ACAS warning.

42 1.7 4.7 4.3 3.9 -3.9 Lead vehicle brakes. Driver safter ACAS warning.

45 3.0 3.6 2.8 1.8 -5.5 Lead vehicle braking for carpystd at intersection. Driver brakes after ACAS vign
First lead vehicle changed lanes to reveal andead vehicle stoppe at red light. Radar late

45 3.3 2.9 2.5 2.3 -3.9 |recognizing LVS. Driver brakes after ACAS warning.

52 1.7 5.4 3.3 2.8 -5.9 Lead vehicle brakes to turn Bifiver brakes after ACAS warning.

77 0.8 4.0 2.8 1.9 -8.3 Lead vehicle brakes. Driver sestesitive, but very tired. Driver brakes after AE&arning.

84 1.3 8.1 4.7 2.9 -5.9 Lead vehicle brakes. Driver sakfter ACAS warning.
Lead vehicle brakes for vehicle ahead slowly egitioad. Driver not aware of slow vehicle ahea

86 1.7 9.3 3.6 2.6 -4.5 |lead vehicle. Driver brakes after ACAS warning.




The observation of video episodes triggered byheiasminent alerts identified 24 events where
ACAS assisted the driver in potentially preventingrash, near-crash, or heavy braking. For 11
events, the driver was clearly distracted and unawathe events ahead. ACAS alerted the
drivers of the lead vehicle braking (in one caseléad vehicle was stopped) and the driver
responded to the alert by braking to avoid a crdsir. 13 events, the driver appeared to be
looking at the road ahead; however, the driveethib respond to the event prior to being
warned by ACAS. In 11 of these 13 cases, the Veadtle braked and the driver responded by
braking only after being warned by ACAS. In onemy the lead vehicle was stopped and in
another case the driver’'s response to the ACAS imgmmas to brake and steer. For all 24 cases,
the drivers’ responses to ACAS warnings were netdfisevere with a mean braking rate of
about 4.9 mfs(about 0.5 g).

4.4 ACAS DRIVER IMPACT ANALYSIS

This analysis examines driver performance as aitiadal means of identifying positive and
unintended negative effects of ACAS use on safardyibehavior. This analysis consists of
three parts:

1. Analysis of normal driving situations using nuroal data.

2. Analysis of inattention (distraction or eyes-tifé-road) using video episodes.

3. Observation of specific video episodes suggggiositive and negative safety effects
of ACAS.

4.4.1 Analysis of Driver Performance in Normal Drivng Situations

This analysis investigates driver performance imrad driving situations with ACAS-Disabled
and with ACAS-Enabled (Period 4), where the hosiiale is not closing in on a lead vehicle.
The following measures of performance are selefttethis analysis:

1. Time headway when ACAS vehicle is traveling@istant speed. Time headway is
defined as the range between ACAS and lead vefmdelivided by the ACAS
vehicle speed (m/s).

2. Lane position when ACAS vehicle is travelingahstant speed. Lane position is
defined as distance (m) from lane center (posisweght of center).

3. Speed ratio of ACAS vehicle speed over postegdfimit when ACAS vehicle is
traveling at constant speed.

This analysis was conducted fdt, male female younger middle-age andolder subjects.
Driving performance was compared between ACAS-Deshand ACAS-Enabled (Period 4) test
periods under the following conditions:

— Aggregate of all driving conditions

— Road types: freeways and non-freeways

— Traffic levels: low, moderate, and heavy

— Driving modes: CCC and ACC, and Manual 1 and Ma2ualFCW
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T-tests were conducted to determine if there isstatystically significant change in the
measures of performance between ACAS-Disabled &8WSAEnabled test periods.

4.4.1.1 Driver Performance — Time Headway

Figure 4-50 through Figure 4-55 show the distrimitdf headways for ACAS-Disabled versus
ACAS-Enabled test periods by subject group foraasiroad types and traffic levels. Figure
4-56 and Figure 4-57 show the distribution of heagfor various driving modes by subject
group. For all cases shown in Figure 4-50 thrdeigiure 4-55, the headways for ACAS-
Enabled are slightly less than for ACAS-Disabledg@xceptionolder drivers, low traffic,
headways are equal). As shown in Figure 4-50Ifaoaditions, the ACAS-Enabled headway is
about 2.5 seconds for tld group versus 2.7 seconds for ACAS-Disabled. Tdvier headway
with ACAS-Enabled is consistent for all conditicarsalyzed. This result, by itself, suggests a
slight negative safety impact for ACAS. Other tfsrbeing equal, a shorter headway means less
time to respond to a conflict. However, theresseeral ameliorating factors that suggest that
these results should not be a cause for concern:

— Although the results are statistically significammost cases, the difference in headway
is relatively small, about 0.3 second.

— The absolute level of headway for ACAS driving, ab®.5 seconds overall, is within a
safe range for the normal driving conditions inigeged. This headway is greater than
maximum gap setting of 2 seconds available for ACAS

— The lower headways for ACAS are likely due, in ptaotthe ability of ACC to
accommodate driving in higher levels of traffic diyn Whereas CCC can only be used
effectively in low traffic and long headways, AC@rcbe used in heavier traffic and
shorter headways. The availability of FCW may atsprove the ability of drivers to
drive safely in heavier traffic and shorter headsvay

In the case of CCC versus ACC, the headways for Afe(ess, about 2.2 seconds versus 2.7
seconds foall drivers. This result is consistent with the IC@leation, which found that ICC
headways were slightly less than CCC (about 1.8rs#cversus 2.2 seconds) for freeway
driving (Koziol et al., 1999). Since most cruismtrol driving is performed on freeways, these
results are generally comparable. In the caseasfudl 1 versus Manual 2 + FCW, the
headways for Manual 2 + FCW are also less, ab&usé&conds versus 2.7 secondsalbr

drivers. These results also show that the headieaysCC are less than Manual 1. This result
is not consistent with the ICC evaluation, whichrid that ICC headways were slightly greater
than Manual (about 1.9 seconds versus 1.7 secofitisy.inconsistency in results is likely due
to the fact that ICC results were for freeway dargronly.

The shorter headways for ACC, by itself, suggesightly negative safety impact for ACAS.
However, as discussed above, the absolute valoeaafways for ACAS is generally above 2
seconds and is in a safe range. In addition,aWer headways for ACAS and ACC may also be
attributed, in part, to limitations of the methaskd to measure headways. The ACAS radar
sensor is the basic means of detecting targetthandrange ahead of the vehicle. Since the
effective range of the radar is limited (about h2f@or reliable measurements), as vehicle speeds
increase, the maximum time headways that can beurezhdecrease. For example, other things
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being equal, the maximum time headway detectal36 at/s (about 67 mph) will be about 4
seconds, whereas at 15 m/s the maximum detectahtiay will be about 8 seconds. Indeed,
as the speed ratio analysis in Section 4.4.1.3xbslmws, the average speed ratio for ACC
(about 1.31 foall subjects) is slightly more than for CCC (abou6).2nd much greater than for
Manual 1 (about 0.86).
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Figure 4-50. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
All Conditions

O ACAS Disabledm ACAS Enabled

3.5
3.0

i

Female Younger Middle  Older

Time Headway (Sec.)

Subject Group

Figure 4-51. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
Freeways
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Figure 4-52. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
Non-Freeways
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Figure 4-53. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
Low Traffic
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Figure 4-54. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
Moderate Traffic
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Figure 4-55. Time Headway for ACAS-Disabled versuACAS-Enabled by Subject Group,
Heavy Traffic
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Figure 4-56. Time Headway for CCC versus ACC by Shyect Group, All Conditions
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Figure 4-57. Time Headway for Manual 1 versus Manal 2 + FCW by Subject Group, All
Conditions
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4.4.1.2 Driver Performance — Lane Position

Figure 4-58 through Figure 4-63 show the distriuitdf lane position for ACAS-Disabled
versus ACAS-Enabled (Period 4) test periods byestlgroup for various road type and traffic
level conditions. The lane position value is tistahce, in meters, from the lane center; a
positive value is to the right of center. In gexheas indicated in Figure 4-58 for all conditions,
the lane position value for ACAS-Enabled is sliglgteater than for ACAS-Disabled except for
thefemaleandolder groups that are equal. The results, broken dopnodd type and traffic
level, indicate a slightly greater lane positiotueafor ACAS-Enabled. For the majority of
situations, the lane position value for ACAS-Endtkeslightly greater than for ACAS-Disabled;
however, there are some minor exceptions.

Although the differences in lane position betwed?AS-Enabled and ACAS-Disabled are
statistically significant in some cases, the aligohalues are very similar. In fact, the maximum
differences in mean lane position amount to leaa thcm. Also, as indicated by the very large
standard deviation error bars, there is consideradliation about the mean values for both
ACAS-Enabled and ACAS-Disabled test periods. Thesalts, based on the lane position
performance measure, suggest no safety impact BSAC
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Figure 4-58. Lane Position (m) for ACAS-Disabled ersus ACAS-Enabled by Subject
Group, All Conditions
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Figure 4-61. Lane Position (m) for ACAS-Disabled ersus ACAS-Enabled by Subject
Group, Low Traffic
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Figure 4-62. Lane Position (m) for ACAS-Disabled ersus ACAS-Enabled by Subject
Group, Moderate Traffic
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Figure 4-63. Lane Position (m) for ACAS-Disabled ersus ACAS-Enabled by Subject
Group, Heavy Traffic

4.4.1.3 Driver Performance — Speed Ratio

Figure 4-64 through Figure 4-69 show the distrimutdf speed ratios for ACAS-Disabled versus
ACAS-Enabled (Period 4) test periods by subjecuprwr various road types and traffic level
conditions. Figure 4-70 and Figure 4-71 show tis&iution of speed ratios for various driving
modes by subject group. The speed ratio mettizaisatio of ACAS vehicle speed to the posted
speed limit when the ACAS vehicle is traveling ahstant speed. In general, the speed ratios
for ACAS-Enabled are slightly less than for ACASsBIbled for all road types and traffic levels.
For example, as shown in Figure 4-64 for all candg, the ACAS-Enabled speed ratio is about
0.90 for theall group versus 0.91 for ACAS-Disabled.

There are two exceptions to the general resulisvedr speed ratios for ACAS-Enabled
identified above. For heavy traffic, the speetbrédr ACAS-Enabled (0.60 faall subjects) is
slightly greater than for ACAS-Disabled (0.57);gtlhésult is statistically significant. This result
may be attributed to ACAS providing drivers withiamproved ability to drive in heavier traffic.
Also, for low traffic, the speed ratios for both AG-Enabled (1.05 foall subjects) and ACAS-
Disabled (1.12) are generally greater than 1.@hAlgh a speed ratio greater than 1.0 might
suggest a negative safety impact for ACAS-Enabigdtive to ACAS-Disabled, the impact is
slightly positive.

The speed ratio results shown in Figure 4-70 foC@&@d ACC driving are notable in that the
speed ratios for both systems are considerablyegrdean 1.0. For example, the speed ratios for
theall group for CCC and ACC driving are 1.26 and 1.8%pectively. This result suggests a
negative safety impact for both systems, but negaib CCC use, the slight increase in speed
ratio for ACC does not appear to represent a mgéuliadditional impact. The relatively minor
difference in speed ratios between CCC and ACCabpears negligible, especially in
comparison to the large variations about the meassrved in the data, which far exceed this
difference.

4-93



O ACAS Disabledm ACAS Enabled

1.50
8
¢ L TT I1 11 77 1]
©
[¢)]
8 0.50
N
0.00 -
All Male  Female Younger Middle Older
Subject Group

Figure 4-64. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group, All
Conditions
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Figure 4-65. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group,
Freeways
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Figure 4-66. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group,
Non-Freeways
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Figure 4-67. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group,
Low Traffic
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Figure 4-68. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group,
Moderate Traffic
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Figure 4-69. Speed Ratio for ACAS-Disabled versusCAS-Enabled by Subject Group,
Heavy Traffic
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Figure 4-70. Speed Ratio for CCC versus ACC by Sgdxt Group, All Conditions
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Figure 4-71. Speed Ratio for Manual 1 versus Manu& + FCW by Subject Group, All
Conditions
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4.4.2 Analysis of Driver Inattention

This analysis examines whether or not ACAS useahgsffect on driver inattention based on
observations of driver behavior from episode videggered by the crash-imminent alerts.
These observations are considered generally regegse of overall normal driving

performance since the alerts occur randomly, trggjenostly by out-of-path targets or non-
hazardous in-path targets such as lead vehiclentpathead. This analysis was conducted at the
aggregate level faall subjects. Comparison of inattention rates was ratiseen ACAS-
Disabled and ACAS-Enabled test periods by takimgténtion episodes as a ratio of all episodes
in each driving mode. Inattention is measuredibiratction and eyes-off-the-road (> 1.5
seconds). The following is a list of the distrantcategories identified:

- Dialing phone - Talking/listening to phone

- Singing/whistling - Grooming

- Adjusting controls - Scratching face

- Yawning - Drinking/eating/smoking

- Talking to passenger - Reading

- Searching interior - Scanning back adjacent lanes
- Scanning rear-view mirror - Looking to the sidg&ide car

- Reaching for items - Other

4.4.2.1 Driver Inattention — Distraction

Figure 4-72 shows the Distracted Episode Ratioltsesur ACAS-Disabled versus ACAS-
Enabled test periods. The ratios were computediigg the average of the individual driver
ratios. The results indicate that the distractetios for ACAS-Disabled (0.33) and ACAS-
Enabled (0.34) are essentially equal. Overaltetheere a total of 253 episodes for ACAS-
Disabled of which 100 had driver distractions a8 @pisodes for ACAS-Enabled of which 268
had driver distractions. If the distraction ratase computed on the basis of these overall
population data, the ratios are 0.40 and 0.37 foA8-Disabled and ACAS-Enabled,
respectively. Both results are similar and indicaiegligible difference between ACAS-
Disabled and ACAS-Enabled.
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Figure 4-72. Distracted Episode Ratio for ACAS-Diabled versus ACAS-Enabled

4.4.2.2 Driver Inattention — Eyes-Off-the-Road

Figure 4-73 shows the Eyes-Off-the-Road EpisodeResults for ACAS-Disabled versus
ACAS-Enabled test periods. Again, the ratios weEmn@puted by taking the average of the
individual driver ratios. The results indicatetttize eyes-off-road ratio for ACAS-Disabled
(0.028) is slightly higher than for ACAS-EnabledO®4). Overall, there were a total of 253
episodes for ACAS-Disabled of which 11 had driwesoff-road distractions and 726 episodes
for ACAS-Enabled of which 19 had driver eyes-of&dadistractions. If the distraction ratios are
computed on the basis of these overall populataia,dhe ratios are 0.043 and 0.026 for ACAS-
Disabled and ACAS-Enabled, respectively. Sincentlmaber of eyes-off-road distractions is
relatively small, less than one per driver, theitssbased on overall population data might be
considered more statistically reliable. In eitbase, the results suggest some positive safety
impact for ACAS. This positive result may be difiied to increased driver focus on the
roadway ahead in response to the ACAS visual disgoha its various warnings and alerts.
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Figure 4-73. Eyes-Off-the-Road Episode Ratio for BAS-Disabled versus ACAS-Enabled

4.4.3 Observation of Video Episodes

Observation of the video episodes also identifigtioevents that suggested potential positive
and negative safety impacts of ACAS. Since thesesalated events and anecdotal, they should
not be generalized; however, they merit documesmdtr future consideration.

Potential positive safety impacts of ACAS.:

ACAS out-of-path target alerts may have some pasgafety impacts by focusing driver
attention to the road. An ACAS FOT video was obedrthat showed a driver receiving
an (silent) out-of-path target alert triggered hyegectric pole as the vehicle was
departing the road edge.

Crash imminent alerts caused by a lead vehiclertgrahead were the source of nuisance
to many drivers, given that the lead vehicle turimetime as expected. However, these
alerts could be helpful if the turning vehicle hadslow down due to obstacles at the
intersection. An ACAS FOT video was observed #hatwed a lead vehicle turning that
suddenly stopped to allow a bicyclist to crossdide road of the intersection. The
ACAS warning in this case alerted the driver of tiost (following) vehicle to the
situation ahead. The driver of the host vehicls i@aking ahead as seen in the video,
but it could not be determined whether or not theed saw the bicyclist before the alert.

Potential negative safety impacts of ACAS:

Relatively slow acceleration of ACC in free-flovatiic may not be expected by a
following driver. A rear-looking video was obsedvduring the system characterization
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test, conducted by the independent evaluator, wshcwed a following vehicle abruptly
changing lanes to avoid the ACAS vehicle slowlyederating while in ACC.

— Occasional tracking of a decelerating lead vetegiing a freeway, already on exit
ramp, may cause the ACAS vehicle while in ACC tawslnd then accelerate in a
manner unexpected by a following driver. This obaton was noted from public road
drives conducted by the independent evaluator.

- It was observed from the ACAS FOT data that the ACGAdar occasionally loses track
of a lead vehicle decelerating ahead (intermitiesd of closest in-path moving target
flag). When this occurs, it might cause a delay@gh-imminent alert.

Members of the independent evaluation team obsemether potential negative safety impact
by ACC as they test-drove the ACAS vehicle in raopditions. While in ACC operation, it
was observed that disengagement of ACC due to h@@gypitation was inconsistent. In some
weather conditions that normally would cause autanisengagement of ACC, the ACC
continued to operate even though the radar keptddsack of the lead vehicle.

Summary Results of Driver Impact Analysis

No unintended negative consequences were obseyvexkimining travel speed, time headway,
lane position, distraction, and eyes-off-road. Seheesults were based on a short-term exposure
with ACAS. The analysis of driver adaptation arstk compensation would require longer
exposure periods than afforded by this FOT.
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5. DRIVER ACCEPTANCE

5.1 INTRODUCTION

The primary benefit of ACAS use is expected to Ipbedaiction in rear-end collisions. However,
realizing this benefit depends on the degree tehvtrivers accept and use ACAS. Driver
acceptance is the precondition that will permit reawomotive technologies to achieve their
forecasted benefit levels. Driver acceptance oASGs also expected to generate benefits such
as allowing for more comfortable, less stressfididg and more frequent and longer travels.
Successfully adopting new technologies and attgithieir benefits depends on drivers
understanding and operating these technologie®ppately. This chapter presents the
independent evaluation’s analyses of driver accoegtaf ACAS, one of the three goals that
need to be addressed to understand safety benBétause the effectiveness of new
technologies is not assured, there is a need &vrdete whether drivers will accept and use them
as intended. Driver acceptance measurement atsadps a means to estimate drivers’ interest
in purchasing and using ACAS as a basis for estngahe safety benefits associated with its
use.

Recognizing the contribution of driver acceptarcéne eventual success of the ACAS
technology, the independent evaluation specifias &n evaluation goal. Driver acceptance
encompasses the many issues associated with usg@taace of a new technology. Drivers are
classified as accepting ACAS technology if theyresp interest in using or acquiring ACAS in
a personal vehicle, there is compatibility betwtesir expectations and ACAS performance,
they find ACAS easy and intuitive to use, and étilperceive that ACAS offers them ways to
enhance their driving performance. From theseraif the independent evaluation developed a
Driver Acceptance Framework, a heuristic that caggtuthe many elements of driver acceptance
and guides data collection and analysis. The fvaorieis enumerated separately for FCW and
ACC due to their different capabilities.

This section defines the driver acceptance goalsoarectives. The driver acceptance
framework that specifies objectives and sub-objestand frameworks, essentially similar, were
developed to match FCW and ACC capabilities. Fhkigtion describes the data and
methodologies used to analyze the driver acceptdaitee The results of the driver acceptance
data analysis are reported using the framewortsagganizing principle. This section
concludes with a summary of the analyses as wélegslriver acceptance conclusions.

5.2 DRIVER ACCEPTANCE GOALS AND OBJECTIVES

The NHTSA Strategic Plan 1997-2002 (1997) statatidnver acceptance should be understood
in terms of the following objectives: ease of usse of learning, adaptation, and perception.
Building on NHTSA's definition of driver acceptandbe ACAS Independent Evaluation

formed a framework to express the breadth and aaxitplof driver acceptance. On a general
level, the framework identifies the range of asp@dtdriver acceptance. Collectively, these
aspects of driver acceptance should answer whaBAS satisfies drivers’ needs and
requirements.
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This framework modifies the original driver accepta framework presented in Najm, Stearns,
and Boyle (2001) and was revised as a result ofing=ewith, and input from, the U.S. DOT'’s

IVI Human Factors Team. The framework identifies five objectives used to describe the
driver acceptance components (see Figure 5-1)h &lajective embodies several sub-objectives,
which together form a composite and comprehendutene of drivers’ FOT experience using
ACAS.

Moving from left to right in Figure 5-1, two strasdf research provide conceptual support for
the first two objectives. The Technology Acceptaiodel (TAM), developed by Davis (1989,
1985) has been widely used to understand user tarwepof computer technology but can be
applied to driver acceptance. The TAM identifigefceived ease of use” and “perceived
usefulness” as the important influences on tectgyoémceptance. The Driver Acceptance Scale,
a scaling technique developed and tested in Eumpssess acceptance of transportation
innovations (van der Laan, Heino, and de Waard7)L§®es independent and convergent
support for the TAM concepts.

Using the TAM and the Driver Acceptance Scale asymsors, the first two objectives in the
ACAS Driver Acceptance Framework are designatedéed use” and “perceived value.” Ease
of use focuses on driver encounters with ACAS esgmd as the usability of its interface,
tolerance of alarm issuance algorithms and thelérae of valid versus false alarms, individual
variability in use patterns, and how understandahtkintuitive drivers find the implementation.

The second objective, perceived value, refers tetldr drivers think that using ACAS
improved their safety and comfort, and measurestvenalrivers found ACAS compatible with
their expectations, or mental model, of ACAS operat Because drivers need to learn as well
as retain ACAS operational requirements, there siketle an assessment of how easy it is to
learn to use. The third objective, ease of legrnaaldresses how long it took drivers to learn to
use ACAS comfortably and their assessment of titieywudf the instructional process. Research
has shown that simplified learning processes rasujtiicker acceptance of new technologies
(Kantowitz et al., 1996).

The fourth objective, advocacy, examines whethstasned exposure to, and use of, ACAS
caused drivers to become interested in acquiringdvocacy is measured in several ways
including willingness to accept ACAS in a rentahige, interest in purchasing ACAS, level of
trust felt for the ACAS capability, amount of moriéey would spend to acquire ACAS, and
interest in endorsing ACAS. As part of the advgaalgjective, analyses use the FOT data to
estimate drivers’ interest in purchasing ACAS.

Van der Laan and colleagues’ (1997) research stidgd to develop a consistent procedure for
assessing driver acceptance using subjective scAfesr collecting scaled responses to
advanced telematics using data from both simulaimhon the road studies, factor analyses
showed that the scaled responses formed two chudésicribed as usefulness and satisfaction;
scale scores on these two factors provide a summeagure of driver acceptance. Including the
van der Laan scale scores as part of the advodgegtive provides face validity for the other
measures of advocacy.
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The fifth objective, driving performance, assesshsther ACAS use had an effect on driving
behavior, trip making, and vehicle use. Drivingfpemance also incorporates behavioral
adaptation, i.e., “those behaviors, which may oéallowing the introduction of changes...
which are not consistent with the initial purpo$é¢he change” (OECD, Organization for
Economic Cooperation and Development, 1990).

The temporal aspect of driver acceptance is ndtumglerstood. Because it takes time to see
effects on behavior, there is a dotted line infthenework linking to driving performance to
suggest that this objective may not be observablin® same time scale as the other four.
Weinberger (2001) traced driver acceptance weekdsk and reported that it is important to
consider how a driver habituates to a vehicle datlthe process may require a number of
weeks.

ACAS Independent ACAS Driver
Evaluation Goal Acceptance Framework
| | | i
o Ease of Use Perceived Value Ease of Leaming Advocacy Driving Performance
Objectives | | Understand how Sense of Accustomed to Sustained exposureluse | | Consequences of
ACAS operates; safety and ACAS use leads to interest ACAS use for
able touse information | | comfort in acquiring, using driving style

Figure 5-1. Driver Acceptance Framework Objectives

While the ACAS objectives apply to both the FCW #@IC systems, the sub-objectives vary
slightly due to their operational characteristidhe independent evaluation identified measures
of performance for each sub-objective. Becausentha@sures of performance map to operational
characteristics, the Driver Acceptance Frameworkaborated for each ACAS capability, FCW
and ACC.

Figure 5-2 shows the Driver Acceptance framework#6W?! A similar framework for the
components of Driver Acceptance to assess the AGtem is presented later in this section.

! The sub-objectives in the framework are orderedaddptically for easy reference.
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Driver Acceptance

FCW
[
[ | | | 1
Ease of Use ‘ ‘ Perceived Value ‘ ‘ Ease of Learning ‘ ‘ Advocacy ‘ ‘ Driving Performance
Comparison with Conventional Device Compatibility with Mental Model Time to Learn Acceptance in Rental Vehicle Awareness
Demands on Drivers Driving Skill Utility of Instructions/Training Interest in Purchasing Vehicle Control
Accommodation Safety Money Willing to Pay Driving Style/Risk Compensation
FCW Use Trust Trip-Making
Tolerance of Nuisance/False Warnings Willingness to Endorse

Understanding of Wamings

FCW Usability

Figure 5-2. Driver Acceptance Framework Objectivesand Sub-Objectives for FCW

The ease of use objective and its seven sub-obgsctixamine whether drivers found FCW easy
to use in a variety of driving conditions. Thesfisub-objective, comparison with conventional
device, asks drivers to compare their use of FCW wiiher automotive safety features. The
second sub-objective, demands on drivers, measinether drivers felt that they expended
additional effort to use FCW. The third sub-obieetdriver accommodation, explores whether
and how, drivers altered their driving to accomntedgCW. The fourth sub-objective, use
patterns, examines how subjects use FCW. Thedifthobjective, tolerance of nuisance/false
warnings, examines how drivers accept nuisancdasel FCW warnings. Erroneous alarms
may cause drivers to lose confidence in systeralydity. False alarms, which are false
positives, may cause drivers to brake suddenlygreaistracted, or ignore other information.
The driver may also consider some alarms “too &énlyisance alarms) and this could affect the
driver’'s acceptance of the system. Converseligfe is no alert in situations that require an
alert, drivers may take longer to react and hase tiene for a successful avoidance maneuver.
The sixth sub-objective, understanding of warnirggmines how well drivers understood the
FCW's visual and auditory warningsThe seventh sub-objective, usability, assessesheh
drivers evaluate FCW as comfortable and easy to Tikere is a need to document whether
drivers find the FCW controls easy to use whilevidg in differing conditions and whether they
like the content and location of displays (Beckeale 1995).

2FCW shows an imminent crash-warning icon on the HUBpmpanied by an auditory alert, to let drivers know
when they are too close to the lead vehicle and dHmalke. The ACC light on steering wheel lets theedrknow
that ACC is engaged. The HUD will display a “Driveor@rol required” message to warn drivers that ACC is no
longer engaged and they have to take control.
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The HUD is a novel element in the driver's forwarsual scene and there are concerns related
to the use of automotive HUDs. lIts effectivenesgashds on the clarity of the visual field with
the addition of the HUD. Drivers may experiencelppems distinguishing colors, or interpreting
colors properly under different lighting condition€lutter should be avoided in a HUD because
the driving scene itself is busy and provides eluttDrivers’ reaction to the HUD and its
usability are also analyzed as part of the eass®bbjectivé: *

The results of research on the ability of drivenges to accommodate HUD content and to the
forward scene are mixed. Studies have suggesa¢dhin lower the position of the HUD, the
more there are problems of “eccentricity,” or migament between display position and
elements in the forward field of view (Cole, 1989ther studies indicate that reaction time to
external stimuli is significantly faster with an BUthan with a conventional instrument panel
(Okabayashi, Sakata, Furukawa, and Hatada, 1988ui®@er and Antin, 1990).

Drivers use the HUD to interface with ACAS. ltmsportant to consider whether drivers
understand the HUD information and find its qualibcation, and clarity adequate. As they use
foveal vision to see the HUD as well as the forwszene (Dingus, Jahns, Horowitz, and
Knipling, 1998) there is a need to assess how avalers feel they can use the HUD while
driving. It is also necessary to look into whettiexr HUD display on the lower part of the
windshield obscured drivers’ view of the forwarese.

The second objective, perceived value, exploredivenelrivers perceived that FCW use
increased their safety and/or driving skills. Twost-drive survey included a comprehensive
guestion to assess drivers’ overall satisfactiain WCW. The compatibility with the mental
model sub-objective addresses whether FCW workedys that drivers expected. The driving
skill enhancement sub-objective measures drivgrsiions of their driving using FCW.
Because FCW can assume tasks such as monitorknig tise forward scene, it is necessary to
find out if drivers reallocated their attention asmknt more time doing other things in the
vehicle.

The third objective, ease of learning, addressesthven drivers learn to use FCW in a timely and
effective manner. Because ACAS combines FCW an@ A@ctions, drivers may require time
to become competent using FCW and to learn FCWalméties as well as its limitations.
Optimally, FCW should be intuitive and understoagily by the driver. If a technology is
intuitive, users will retain information about aperations and recall information readily because
its function is intuitive. The utility of instruicns/training sub-objective asks drivers if they
thought their instructions and training prepareshitto understand and use FCW.

% The ACAS driver-vehicle interface uses an HUD as aelauditory alerts. The HUD is a new element in the
driver’s forward visual scene. The HUD is always onmvtiee vehicle is running and has brightness and
windshield position adjustments. The HUD uses icons tdalithe FCW as well as ACC settings and displays an
iconic representation of the headway distance ta@Vehicle, if there is one, as well as color and diesges in
icons to warn of an impending rear-end collision.

* The auditory quality of the alerts (i.e., relatim@minence of alerts given different levels of ambiemise) is a
system capability issue and is discussed in the system bpetidpter.
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Objective 4, advocacy, looks into whether sustaggubsure to, and use of, FCW caused drivers
to become interested in acquiring and/or endorsidg/. A European scale of driver acceptance
(van der Laan et al., 1997) provides a global meastiacceptance of new technologies in
transport telematics. The Driver Acceptance Scatesists of nine 5-point rating scale items,
which form two scales denoting “usefulness” andisaction.” Proprietary research by motor
vehicle manufacturers has used these scales tppedchase intent for new vehicle
technologies (Stearns, 2004) making this an apatgpmeasure to include as part of the
advocacy objective.

The acceptance in a rental vehicle sub-objectivasumes whether drivers would be willing to
rent a vehicle with FCW. The interest in purchgsab-objective asks whether FOT drivers
would want to obtain the FCW function as part @itmext car purchase. Asking whether
drivers would purchase FCW features as new caongis a way to measure drivers’
commitment to ACAS. It is also useful to ask iivers would pay to obtain ACAS in a new
vehicle (Becker et al., 1995). The third sub-otiyes level of trust, inquires whether drivers
trust the FCW operation enough to see significaoipte in their lives use it. The fourth sub-
objective, amount of money willing to pay, asks whavers would pay to purchase FCW. Even
if FCW is beneficial, drivers may, or may not, b#ling to pay for it. The fifth sub-objective,
willingness to endorse, asks if drivers would reoend FCW to others.

The fifth objective, driver performance, examindsether FCW use leads to lasting changes in
driving behavior. The awareness sub-objective $aatkwhether FCW use affected drivers’
awareness of unsafe conditions. The second s@ztol®, control inputs, examines whether
changes in the frequency of operating in-vehiclems from P3 to P4. The driving style/risk
compensation sub-objective explores whether thiednttion of FCW is followed by new
behaviors that do not correspond with the initiént of FCW. The use of safety enhancing
features might lead to compensatory changes imndystyle and patterns (Smiley, 2000).
FCW'’s driving support may cause drivers to adjbsirtdriving behavior to compensate for its
effects. The fourth sub-objective, trip pattemsamines whether drivers changed their trip
making from P3 to P4.

Figure 5-3 shows the driver acceptance framewarlA€@C. It is similar to the framework for
FCW (Figure 5-2) but several sub-objectives diffeflecting ACC’s operational characteristics.
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m Demands on = Driving Skill i Time to Learn = Interest in Purchasing = Control Inputs
Drivers Enhancement
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m Driver ~ Safety — Utility of Instructions/ = Level of Trust = Driving Style/
Accommodation Training Risk Compensation
1.d. 4.d. 5.d.
! ACC Use Patterns — Amount of Money Willing to Pay| Trip Patterns
Le. 4e.
- Usability of ACC L willingness to Endorse

Figure 5-3. Driver Acceptance Framework Objectivesind Sub-Objectives for ACC
5.2.1 Driver Acceptance Framework for ACC

ACAS integrates ACC and FCW functions. ACC maiméaa constant headway selected by the
driver when the lead vehicle is traveling slowearthhe selected cruise speed. The driver must
first turn on the ACC function. The driver cannhengage the ACC when the vehicle speed
exceeds 40 km/h (25 mph). ACC becomes inactivewiihe vehicle speed falls below 32 km/h
(20 mph). The ACC’s maximum automatic braking dals is limited to 0.3g level. FCW
provides advisory displays and alerts the driveavoid, or reduce, the severity of collisions with
a moving or stationary lead vehicle. FCW'’s crasiminent warning algorithm is calibrated to
account for ACC'’s braking capability. A color HUovides visual information about the
following distance to help drivers maintain a s@ifgance behind lead vehicles. The HUD
shows a green vehicle icon when ACC is trackinglzsicte ahead as well as the ACC gap
setting, set speed, and actual travel speed.

While the ACAS objectives apply to both the FCW #mel ACC systems, FCW and ACC have
slightly different sub-objectives due to their difént operational capabilities. Objective 1, ease
of use, has five sub-objectives. The five sub-ctiyjes are comparison with conventional
device, demands on drivers, driver accommodatisa patterns, and usability. The ACC driver-
vehicle interface uses the HUD and HUD usabilitgxamined as part of the FCW Driver
Acceptance Framework.

5.3 METHODOLOGY
5.3.1 Subjective Data

Two FOT driver surveys were used for these analys@sh survey contained a variety of
formats, including Likert-type scales, multiple-at® and open-ended items. These addressed
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the major themes of system ease of use, easernirigaadvocacy, perceived value, the HUD,
and driver performance.

The post-drive survey was administered upon themeif each research vehicle and was
reviewed by an UMTRI researcher for completenesistarask participants for clarification if
ambiguity existed. Additionally, there was a supsmt live discussion session with each driver
regarding survey responses, during which severniaddi questions were asked and video
replay of forward- and face-camera clips for FCWhiment alerts was provided for the purposes
of obtaining driver-feedback on the usefulnessefdlerts. Up to 12 alerts from each driver’s
total were shown, as available. Volpe Center mebeas documented the audio portion of live
debriefing sessions via telecom.

A take-home survey was completed on the driver's tme, after completing the FOT, and a
$50 bonus was paid once it was returned. Additipn25 drivers attended one of four focus
groups that were held to obtain supplementary stibginputs from participants who had
completed the FOT driving, subsequent surveys datdiefing sessions. Further detail on the
surveys, debriefing, and focus group sessions radgund in (University of Michigan
Transportation Research Institute and General Mp&005).

5.3.2 Objective Data

Various DAS data were provided from Volpe Centerated SAS tables and imported into the
main SPSS database. Obtained data were aggregdtedparticipant level and provided for
both ACAS-enabled and disabled periods. Variainelsided those that characterized travel
behavior, alerts, and data parsing ACC and FCWrdyjwhere feasible.

5.3.3 Data Integration

Photocopies of raw survey data were obtained fraTRI, screened, coded, and entered into a
statistical database program (SPSS 11.0 for Winjltmwgjuantitative analysis. Additionally,
various biographic data as obtained by UMTRI dupagticipant screening (e.g., age, sex,
occupation, and zip code) were periodically prodidean electronic format and uploaded into
the main database. Similarly, the number of Miahi®epartment of State-recorded motor
vehicle accidents and driving convictions, if apable, for the period of 1995-2003 were
obtained for each participant. Participant zipecags subsequently used in conjunction with
United States Census Bureau (United States Cengesa 2000) data to determine median
household income levels for that area.

5.3.4 Data Analysis

Statistical analysis initially involved generatifigquency response distributions and descriptive
statistics for each variable, as appropriate. Datsscreened and any statistical outlier values
were identified. As response scales within theeyidata were fixed in most every case, outlier
values were not a factor in the same way for tivasmbles. Where appropriate, subsequent
analyses were conducted excluding those partigpahbse driving behaviors deemed them
statistical outliers. Variables with extreme cersi were determined using box plots, where
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values exceeding three box lengths (box represeatsiterquartile range, containing 50 percent
of data values) qualified as “extremes.”

Further analysis was segmented by way of the ntlagomes that were part of the Driver
Acceptance Evaluation Plan and subsequent And¥ais The themes encompassed the areas
of system ease of use, ease of learning, advopaosgived value, the HUD, and driver
performance. Prior research experience usingaimesimilar survey items, as well as similar
FOT designs, led to the formation of these themestlae a priori decisions regarding which
items addressed which themes.

As a means of confirming the inter-relatednes®t®@vant survey items within themes, the
Spearman’s rho test was used. Spearman’s rhoas-parametric form of correlation where
linearity is not assumed and the variables musteat minimum, on an ordinal scale. Such a
test is useful in the case of Likert-type surveyns, which assume an underlying continuum,
though conservatively are measured on an ordinal.le

Subsequent analyses were performed to investigatedssibility of between-group differences
within each of the major areas of interest for drigcceptance. The grouping variables that
were initially targeted included the following:

— Gender (male, female)

— Age group (younger, middle-age, older)

— Reported motor vehicle accidents (zero, one or jnore

— Reported driving convictions (zero, one or more)

— Self-reported approximate annual mileage (mediéihapl 7,000 miles/year)

— Median household income by zip code, U.S. Censd@Q(2ower third, middle third,
upper third)

Multivariate analysis of variance (MANOVA), beingifly robust to violations in non-normality
and unequal cell sizes, was used to determinatitstal differences existed between groups as
indicated above. As a non-parametric option, thesKal-Wallis (K-W) test was also considered
for use. The K-W test is desirable in some situedj in that normality is not an assumption of
the procedure. However, having dependent variatithscontinuous distributions of the same
(albeit, non-normal) form is an assumption of th&\Kest, and this was not typical for the
current data set. For this reason, MANOVA was ehdser use. However, it should be noted
that in cases where both MANOVA and the K-W testeanr@in, statistical findings did not differ.

Initial MANOVAs employed each of the groups as ipeiedent variables (IVs) in conjunction
with a predefined set of dependent variables tlemewaken from the Driver Acceptance
Analysis Plan and mapped onto the various areageyest for this focus. In particular, initial
efforts were concentrated on the area of systeracaty. Here, significant findings for
differences between participant groups in everg cagth the exception of age group, were non-
existent or, if present, most likely spurious. Hus reason, unless deemed necessary as a
function of obtained results, it was decided anptimat the focus of the between-group
MANOVAs conducted for driver acceptance shoulddsdricted to age group, with the
possibility that gender and age group may intesadttherefore warrant joint investigation. In
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cases where IV’s existed with more than two levelkey's HSD test was employed as a post-
hoc range test.

5.3.5 Data Collection

Data was collected using the FOT’s naturalisticterty operating on roadways and traffic
conditions, as well as from surveys, focus groapsl, post survey debriefing sessions. The FOT
vehicles were instrumented to collect operatioméhd Upon completion of their FOT
participation, drivers were asked about their eigvbehavior and their perception and use of
ACAS. UMTRI also invited a subset of the FOT driavéo participate in four focus groups,
which the independent evaluators observed.

Upon completion of their FOT experience, each drwas required to complete a post-drive
survey that included questions regarding their egpees with ACC and FCW. Some questions
were open-ended (allowing drivers to provide wntt®@mments), others were anchored, Likert-
type, scale questions ranging from 1 to 7. Thmé&irof the post-drive survey was divided into
sections that address the following driving stated system attributes: manual driving, ACC,
FCW, combined ACC and FCW, and the DVI (includihg HUD, comment button, etc.).
Drivers were also given a secondary post-driveesutg complete on their own time and
returned to UMTRI in a self-addressed envelope writipaid postage. When the driver
completed the post-drive survey, an UMTRI researcddewed survey responses and showed
the driver video replays of situations when hefgoeived a FCW imminent alert.

After taking part in the FOT, drivers were invitedtake part in a focus group, held at UMTRI,
to discuss participant’s experience with the ACAStams. Each focus group was presented a
predetermined series of questions for discussioongnthe attendees, with a researcher from
UMTRI facilitating the discussion. Focus groupsevield at intervals throughout the FOT in
an attempt to minimize the time between particingatn the field test and taking part in a focus
group. Drivers were paid an additional fee foiirtparticipation in a focus group.

5.3.6 Sampling and Recruiting FOT Drivers

Identification of subjects began with a random sianap names and addresses, provided to
UMTRI by the Michigan Department of State (Michi¢gmdriving license bureau), of licensed
drivers living in nine adjacent counties in Souteen Michigan representing major
metropolitan, as well as rural areas, of the Siaiin a 1 to 1.5 hour drive of UMTRI).

UMTRI mailed postcards to potential subjects anmounthe FOT and asking them if they
would be interested in participating. When sulgeetlled a toll-free number at UMTRI, an
UMTRI researcher telescreened the potential subpendl asked potential subjects questions
regarding their annual VMT and health status. h&teénd of the telescreening call, the subjects
were told either that their health and driving aldio not qualify them for the study or they are
offered a space in the study.

Based on their experience recruiting subjectsiferACAS Pilot Test 3, UMTRI estimated that
they sent 100 postcards to get 10 calls and, fral0 calls, selected one subject who met the
FOT’s selection criteria of mileage driven per yeaye, and absence of specified health
conditions.
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UMTRI intended to define the mileage criteria thesgd for subject selection in relation to the
2001 National Household Travel Survey (formerly wmoas NPTS)Http://www.bts.gov/nhis
mean annual mileage for each age and sex categdmi.RI found that the standard errors for
subgroups were huge and not useful as cut-off poiltruled in as potential subjects
respondents who drive either more than or up tpezbent below the mean annual mileage for
their age group and gender.

If selected from the telescreening, UMTRI mailed subject an information package. The
package contained the information letter, an inftranonsent form (to be read ahead and signed
at UMTRI in front of UMTRI staff), the subject sekgon information questionnaire, the driving
habits questionnaire, and a map showing UMTRI siior.

Upon arrival, an UMTRI researcher met with the solg and first asked to see their driver’s
license. The researcher told subjects they weretily people authorized to drive the FOT
vehicle, that they should not drive the FOT vehalg of the United States, and checked to see if
they met all of the health requirements listedl@ihformed consent form and then asked them
to sign the informed consent (see Appendix E).hBbe information letter and informed consent
were mailed to the prospective drivers prior to ocggrio UMTRI in order to have adequate time
to read and understand the conditions of parti@pat

Each subject watched a 15-minute video on the AGysSem and how to operate it. Subjects

were told that there was both a CD and a videosdmee as the video they watched, as well as
the text, or script of the video, in the FOT vehislglove compartment for reference at a later

time. Subjects were told to wear their seatbehsbjects with young children were shown the

owner’s manual, which had pages marked showingtbattach the child seat properly.

The UMTRI researcher showed each subject the F@ithkeand its ACAS features. The
subject was shown the yellow comment button orddshboard. Subjects walked around the
vehicle, were asked to sit in the vehicle to berted to its features, and drove a twenty minute
accompanied test drive using a pre-determined rpuitar to receiving the FOT vehicle. At the
conclusion of the test drive, the subject’s seatdght and her distance to the eye box were
measured. The experimenter asked the subject geht position and mirror settings were
comfortable and set the driver’s seat to stay enstlime position.

During the test drive, the UMTRI researcher prodtieddriver to experiment with the range of
gap and sensitivity settings and to become famaitin the “bars” and the “waves.” First, the
subject was asked to increase and decrease theenofmbaves (FCW) and then, when on a
highway, to increase and decrease the bars (ACf)ddheir “personal comfort level.” At the
end of the test drive, the subject was instruabegset both the ACC and FCW at 4, which are
the settings the ACAS system will start at whengystem is enabled 6 days later. The FOT
subjects were told to limit their ACC use to higlywand freeways and not to engage ACC if the
visibility is low.

® Information on subject selection is drawn from UMTR&n, Revision 1, May 2002.
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The FOT drivers were told to drive the vehicle withthe ACAS features for the first 6 days
and, on their second ignition of the FOT vehicleday 7, that the ACAS features will be turned
on remotely. They were told the date of this cleagugd this information was also placed on a
piece of paper in the car’s glove box.

When subjects completed their FOT participatiorytreturned the FOT vehicle to UMTRI on a
predetermined day. After they handed the FOT Velueer to the UMTRI staff, subjects were
asked to complete the post-drive survey. Upon detgm of the survey, each subject met with
an UMTRI FOT staff member in a conference roometaew and discuss a selection of their
responses to the survey items and also to see xegéays of specific incidents they experienced
while they drove the FOT vehicle. The video chgere downloaded from the FOT vehicle’s
recording equipment while the subject was answehegost-drive survey. Upon completion of
the debriefing, each subject was paid $250 foligpation in the FOT and was asked to
complete a take-home survey in return for $50 ufoompletion.

5.4 FOT DRIVER CHARACTERISTICS
5.4.1 FOT Participant Recruitment and Selection

UMTRI and GM designed the process for selecting fp@icipants to identify individuals who
reported driving more than the median number oésiibr their age and sex, as documented by
the 2001 National Household Travel Survey, and diatlereby, be more likely to make
frequent use of the ACAS features. The NHTS is& Department of Transportation effort
sponsored by the Bureau of Transportation Stagisind the Federal Highway Administration to
collect data on both long-distance and local tréyethe American publi€.

UMTRI recruited potential participants in adjaceatinties via the postal mail. Interested
parties were screened for exclusion on the basiseeting various criteria, such as mileage
driven per year, age, driving record, and absehspexified health conditions (see Appendix
E).

5.4.2 FOT Participants

Participants in the FOT totaled 96. Three difféegorithms were deployed for the ACAS,
referred to as A, B, and C. This resulted in thtiséinct groups of participants for the study.
Algorithms A and B each consisted of 15 particigamthile Algorithm C was comprised of 66
participants. For the purposes of the currentrggsan, only Algorithm C participants were
considered, as changes in the system were toocesiiaétto permit cross-group comparisons.

Descriptive characteristics of the Algorithm C papants are found in Table 5-1. Of the 66
total C participants, there was an equal split @8¥of males and females. Additionally, three
age groups were recruited. The younger group statsbf participants ranging in age from 20 —
30, the middle-age group consisted of participeamging from 40 — 50 years, and the older

5 http://www.bts.gov/programs/national _household_trasivey/accessed 11/03/2004.
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group consisted of 60 — 70 year-old participaige groups were balanced for number of
participants (n = 22 per group) and males and fesn@ = 11 per group).

Participants drove the FOT vehicles for a tota&2@®fdays. The first six days were a baseline

period; DAS data were collected; however, ACAS wigabled. On day seven, the ACAS
system was enabled and began providing feedbatietdrivers for the remainder of the FOT.
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Table 5-1. Algorithm C Participant Demographic Chaacteristics

Mean Age(years) 46
Younger 27
Middle 45
Older 66
Mean number of MI Dept. of State-Recorded Motor ehAccidents 0.39
(1995-2003)
Zero 71%
One or more 29%
Mean number of MI Dept. of State-Recorded Drivingn@ctions
(1995-2003) 0.89
Zero 56%
One or more 44%
Mean annual mileaggelf-reported estimate) 19,527
<17,000 miles/yr (median split) 12,676
>17,000 miles/yr 26,379
Employment Status
Employed 73%
Home/retired 27%
Education Level Completed
High School 27%
College 55%
Post-college 18%
Conventional Cruise Control Use
Never 3%
Seldom 11%
Occasional 39%
Frequent 47%
Median Household Income by Zip Cod®99; Census 2000 data) $50,149
Lower third $33,809
Middle third $50,149
Upper third $74,949
Mean Number of Years Driving 29
Younger 11
Middle 29
Older 48

5.4.3 Travel Behavior

As presented in Table 5-2, FOT travel behavior attaristics indicate that across all driving, the
mean number of hours driven per day was 1.5 hookgring, on average, a distance of 19.9 km
per trip. Over the course of the FOT, in valigpgtria mean of 2,392 km were driven. On

5-14



average, 1,843 (77%) of this total was ACAS-enali®dng. Having the system enabled did
not increase or decrease driving behavior for émeainder of the FOT (i.e., enabled km driven
were proportionally equivalent to the disabled payi As it pertains to ACC, 36 percent (665
km) of driving with ACAS enabled occurred with AGgaged. More detailed summary
statistics regarding participant travel behavie rovided for reference in Appendix F.

Table 5-2. FOT Travel Behavior Summary for Algorithm C Participants

Mean SD
Hours driven/day (entire FOT) 15 0.6
Km driven/valid trip (entire FOT) 19.9 9.5
FOT total distance traveled (valid trips) 2,392 222
ACAS-enabled km traveled (valid trips) 1,843 1,069
ACAS-enabled km of ACC engagement (valid trips) 665 746

The proportion of ACAS-enabled travel using ACCduriver is depicted in Figure 5-4. On
average, ACC was used for 35 percent of all ACA&b&d driving, though there was much
variability in its use. One driver never engadgegl ACC system, while another used it 85
percent of the time.
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Figure 5-4. Proportion of ACAS-enabled Travel Usig ACC by Driver

Table 5-3 provides a comparison of participant dgraphic characteristics (as drawn from

Table 5-1) on the FOT travel behavior variables #ra found in Table 5-2. As depicted in
Figure 5-5, two participants, both older women,ev@eemed statistical outliers (2.5 times the
standard deviation plus the mean) and eliminataa these analyses due to excessive distances
driven in ACC mode, while ACAS was enabled.
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Figure 5-5. Frequency Distribution of ACAS-enabled ACC Use Showing Statistical
Outliers

MANOVA was used in conjunction with post hoc tegtivhere appropriate, to determine where
significant between-group differences existed. UResvere nonsignificant (NS), except where
means are provided in the table.

With regard to gender, a significant difference syad for ACAS-enabled, ACC-engaged
driving. Once the female outlier participants wesemoved from the sample, males were found
to have driven significantly more under those cbads (1, 62) = 4.96p = .03). Age groups
also differed from each other on this variable.e Dider group drove more using ACC than
those in the middle-age group(R, 61) = 3.11p = .05). Finally, as one would expect,
participants who reported driving less than 17,00l@s per year also traveled fewer total km
and fewer km per valid trip over the duration of #0T E(1, 62) = 10.78p = .00, and~(1, 62)

= 4.54,p = .04, respectively), as well as fewer total krd &m with ACC engaged during valid
trips for ACAS-enabled drivingH(1, 62) = 9.27p = .00, and~(1, 62) = 4.48p = .04,
respectively).
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Table 5-3. MANOVA Results for FOT Travel BehaviorVariables by Demographic
Characteristics — Significant Between Group Differaces in Means Only | < .05)

Total km Km per valid Total km traveled Km traveled with
traveled trip (entire (ACAS enabled, ACC engaged
(entire FOT)  FOT) valid trips only) (ACAS enabled,

valid trips only)

Gender Male 721.5
Female NS NS NS 422.0
Age Group
Younger 535.8 (NS)
Middle NS NS NS 403.9
Older 810.9
Motor Vehicle
Accidents Zera NS NS NS NS
(1995-2003) One or more
Annual mileage <17,000 mi 1874.1 17.0 1414.0 433.7
(self-reported
estimate) =>17,000 mi 2722.1 21.7 2089.7 719.2

5.4.4 Representativeness of the ACAS FOT Sample

It is illustrative to compare the travel behavibtiee ACAS FOT patrticipants with the results of
the 2001 NHTS. Using the online data analysis évallable at
http://nhts.ornl.gov/2001/index.shtpil was determined that data selected from the SIHT
matched the age and gender categories of the F@Tipants. In cases where the NHTS
provided two age categories that spanned one age gn the FOT, the two were necessarily
combined for comparison. NHTS age categories Wwer@veraging mean for the two age
categories for comparison.

As shown in Figure 5-6, FOT distance traveled wdsapolated to predict mileage over a year
and then graphed in comparison to the NHTS date.alFcomparable groups, with the
exception of the middle-age group of males, themvidence to suggest that UMTRI was
successful in identifying participants who droverethan the national average for their age and
gender. Most notable is the divergence depictethiolder, female, and older female groups.
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Figure 5-6. Comparison of FOT Sample Estimates andHTS (2001) Mean Reported Miles
Driven per Year

Similarly, Figure 5-7 shows that comparable groofpBOT participants made more daily trips
on average than their NHTS counterparts.
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Figure 5-7. Comparison of FOT Sample and NHTS (200 Mean Number of Trips per Day
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Figure 5-8 shows a breakdown of driving-minutesgaer by comparable FOT and NHTS
groups. Visual comparison indicates that FOT pigudints spent more time driving their
vehicles. On average, for those who drove on thewel day, the NHTS sample reported 82

minutes per day, versus a mean of 93 minutes pefodéhe FOT sample, or 22 percent more
time.
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Figure 5-8. Comparison of FOT Sample and NHTS (200 Mean Number of Minutes
Driven per Day

5.45 Imminent Alerts

Similar to section 5.2.3 on FOT travel behaviog BHOT participant categories, as found in
Table 5-2, were analyzed for potential differenceSCW-generated imminent alerts. For
purposes of consistency, the same two outliergpents were removed from current analyses
as in the FOT travel behavior analyses. MANOVA wasd to determine if groups differed
statistically on variables that measured the meanber of ACAS-enabled alerts per 100 km
and the mean number of ACAS-enabled alerts recew#dACC engaged. By design, the ACC
system moderated the number of alerts that FCWrgtateby controlling vehicle speed under
certain conditions, thereby reducing the mean nurabalerts per driver. However, it is
important to note that this variable was not noreea by km driven and is therefore affected by
the fact that participants traveled varying diseanover the course of the FOT.

Results indicated that males received significamitye alerts with ACC engaged than females
(F(1, 62) = 4.40p = .04); however, the difference between the graupthe number of alerts

per 100 km was nonsignificant. Drivers in the gréloat experienced one or more accidents and
those with one or more driving convictions alscereed significantly more FCW alerts with

ACC engaged, though it is important to note thatlileakdown of this variable (zero versus one
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or more) did not permit equal cell sizes for statéd comparisonK(1, 62) = 4.63p = .04, and
F(1, 62) = 6.99p = .01, respectively). Finally, a significant @ifénce was found, whereby
participants who had experienced one or more mabicle accidents received, on average,
significantly more alerts per 100 km than thosdip@ants who were not involved in any
accidents over the specified time periédl( 62) = 5.90p = .02).

Table 5-4. MANOVA Results for FOT Alert Variables — Significant Between-Group
Differences in Means Only p < .05)

Alerts per 100 km Alerts with ACC
(ACAS enabled) engaged (ACAS

enabled)
Gender Male NS 1.39
Female .58
Motor Vehicle Accidents Zero 1.6 74
(1995-2003) One or more 2.5 1.7
Motor Vehicle Convictions Zero .56
NS
(1995-2003) One or more 1.6

5.5 ASSESSING DRIVER ACCEPTANCE
5.5.1 Advocacy — FCW

The advocacy objective examined the degree to wdiiefers were interested in the purchase
and use of FCW. Advocacy was gauged using sesebggctive measures as found in the FOT
surveys. For example, drivers were asked howylittedy would be to rent or purchase a vehicle
equipped with FCW, as well as what price they wqag for such a system. Additionally, the
degree to which drivers would endorse and were odaffle with the use of FCW by others was
assessed. Drivers also responded to a Driver Aacep Scale (van der Laan et al., 1997; see
Appendix G) that was designed for the purposesséssing attitudes toward new vehicle
technologies. This scale generates composite sémréwo subscales, termed “usefulness” and
“satisfaction.” Survey item responses were analyaeconjunction with the scale results; the
latter has been used as a proxy for driver acceptan

This section presents the results of the FCW adyoeeeasures. It includes both descriptive and
guantitative discussion of the advocacy survey stamtandem with Driver Acceptance Scale
results, as well as a section that explores theistamcy of drivers’ responses to certain
advocacy measures. Relevant driver anecdotedsarpr@vided based on debriefing and focus
group sessions. Finally, FCW advocacy as foredasgea-vis purchase intent is discussed and
conclusions are offered.
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5.5.1.1 FCW Statistical Findings

Correlations were calculated among the advocacyunea and the Driver Acceptance Scale
scores. All were significantly intercorrelated and retaiships were in the expected direction
(the full correlation matrix is located in Appendi®y. The second survey item, “...consider
purchasing FCW...,” was most highly correlated with tusefulness” and “satisfaction”
subscales, at .87 and .88 respectively, while tlhhssales themselves were correlated at .89.

Table 5-5 presents descriptive statistics for rasps to each of the survey measures as broken

down by sub-objective. As responses were not awaymally distributed, measures of central
tendency in addition to the mean and standard temiare provided for each measure.

Table 5-5. Advocacy Sub-Objective Survey Measured3criptive Statistics

Sub- Survey Item Mean Standard Median Mode
objective Deviation
Acceptance in Rental Vehicle
Would you be willing to rent a vehicle equippedmiCW? 5.4 1.8 6.0 7.0

1 (very unwilling) - 7

Interest in Purchasing
How likely would you be to consider purchasing FCW if
you were purchasing a new vehicle today? 3.1 1.3 0 3.40
1 (definitely not) - 5

Level of Trust
How comfortable would you feel if your child, spouse,
parents — or other loved ones — drove a vehicle eedip
with FCW? 5.6 1.7 6.0 7.0
1 (very uncomfortable) - 7

Amount Willing to Pay
At $1,000, how likely would you be to consider puasimg
FCW if you were purchasing a new vehicle today? 2516 2.0 1.0
1 (definitely not) - 5

Willingnessto Endorse
Would you recommend to your child, spouse, parents — o
other loved ones — to use FCW?
(% yes) 65%

Driver Acceptance Scale
Usefulness subscale 0.9 1.0 1.0 2.0

Satisfaction subscale 0.5 1.3 0.5 2.0

" Correlations were performed using Spearman’s rhadaparametric data. Many of the significant cotietes
reported are of a relatively low magnitude.

5-21



Table 5-6 shows the statistical relationship betwa@ver age and driver advocacy of FCW, as
broken down by sub-objective, with any significgnup differences noted briefly in the
rightmost “results” column and nonsignificant resudenoted using “NS.” Analysis of Variance
(ANOVA) was performed for Likert-type survey meassiand Chi square analyses were used
for dichotomous measures. Results showed that didesrs expressed a greater willingness to
rent an FCW-equipped vehicle, consider purchasinghiecle with FCW, and comfort with
having loved ones drive an FCW-equipped veHict@lder drivers also reported significantly
higher scores on the “satisfaction” scale than teiddje and younger drivers. Drivers’ gender
was not significantly related to any of the advgcsigb-objective measures. Significant findings
are depicted graphically and discussed in moraldeimw.

8 parametric ANOVA resullts are reported here and tittout this report. A nonparametric version of thialgsis,
the Kruskal-Wallis test, was also run for the Advocaljective and produced the same results. Further
justification for the use of ANOVA in subsequent anadyseprovided in the section on data analysis (5.3.4).

5-22



Table 5-6. Statistical Comparison of FCW Advocacyub-Objective Measures by Driver
Age Group

Sub- Survey Item Age Group Mean ANOVA, x2
objective Results
Acceptance in Rental Vehicle

Would you be willing to rent a vehicle equippedtwit

FCW? Younger 4.5 O more willing
1 (very unwilling) -7 Middle 5.3 torentthanyY
Older 6.2
Interest in Purchasing
How likely would you be to consider purchasing FCW if O more likely tc
you were purchasing a new vehicle today? Youndgab consider
1 (definitely not) -5 Middle 3.0 purchasing tha
Older 3.6 Y
Level of Trust
How comfortable would you feel if your child, spouse, Younge 4.7
k - O more
parents — or other loved ones — drove a vehicle pedip comfortable
with FCW? Middle 5.6 than Y

1 (very uncomfortable) 7 Older 6.3
Amount Willing to Pay
At $1,000, how likely would you be to consider puasing  Younge 2.4
FCW if you were purchasing a new vehicle today? Middle 2.4 NS
1 (definitely not) - 5 Older 2.8
Willingness to Endorse
Would you recommend to your child, spouse, parents — o

other loved ones — to use FCW? Younger 59% NS
(% yes) Middle 64% NS
Older 73% O more likely tc
recommend
(x2)
Driver Acceptance Scale
Usefulness subscale Younger 0.7
(-2,...,+2) Middle 0.8 NS
Older 1.2
Satisfaction subscale Younger 0.05 O more satisfie
(-2,...,+2) Middle 0.3 than M & Y
Older 1.2

Figure 5-9 depicts a response distribution showhegdegree to which the older driver group
reported being more willing to rent an FCW-equippedicle than the younger group(®, 55) =
4.34,p =.02). In fact, 82% of the older group responadt the highest two scores, 6 or 7,
compared to one third of the younger drivers.
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Figure 5-9. Willing to Rent a Vehicle with FCW byAge Group

Figure 5-10 depicts the mean scores for each aggp@nd Figure 5-11 shows the distribution of
responses for this measure, where it is evidengaaticularly for the middle-age group, that
attitudes regarding FCW purchase were mixed.
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Figure 5-10. Likelihood of Considering FCW Purchase in a New Vehicle by Age Group
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Older drivers reported being more comfortable ttenyounger age group with the possibility of
their loved ones driving an FCW-equipped vehi€l€( 55) = 4.70p = .01). Figure 5-12

depicts the response distribution for this measubhere 82 percent of the older drivers indicated
that they would feel quite comfortable (a scoré air 7) if their loved ones drove a vehicle with
FCW, while the younger group’s responses were meutral and mixed.
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Figure 5-12. Comfort Level if Loved Ones Drove afrCW-equipped Vehicle by Age Group

When drivers were asked, “At what price level mighti begin to feel FCW is too expensive to
consider purchasing?” the mean amount was $89®wever, 8 percent of the sample did not

° The standard deviation was $145. The median and medzboth $500 with a minimum of $0 and a maxinofm
$6,000.
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answer this question and responses that were eltaiare variable. Some drivers claimed that
they could not estimate the cost of a feature pava car because they purchased used cars or
did not know what such “options” sold for sepanatel

Almost two thirds of the drivers, 65 percent, sdiely would recommend FCW use to others.
Figure 5-13 illustrates responses of the threegaggps for recommending FCW use. In the
case of the younger and middle-age groups, respaves@ not statistically differentiated.
However in the case of the older drivers, 73 pdrtendifference between “would” and “would
not” recommend was significar)f((l, N =22) =4.55p=.03).
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Figure 5-13. Recommend FCW Use to Loved Ones by Agroup

5.5.1.2 Investigating Travel Behavior and FCW Advoacy Measures

Follow-on analyses were conducted to see if ohjedtiavel behavior measures were correlated
with the advocacy measures. The objective measm@smpassed ACAS-enabled driving and
included FCW distance traveled (km) in valid tripgmber of FCW alerts and mean number of
FCW alerts per 100 Km. No meaningful statistiedhtionships were obtained among the
survey and objective travel behavior measures.

5.5.1.3 Driver Acceptance Scale

In addition to individual survey items used to asseCW system advocacy, the Driver
Acceptance Scale and resulting usefulness andasdits subscales provides a conceptually
clear means of classifying attitudes toward susiiséem. Figure 5-14 shows the quadrants
created by crossing the positive and negative mfagehe “usefulness” and “satisfaction”
Driver Acceptance scale scores and illustratesligteibution of responses to this composite
measure. The cluster of drivers in the upper riglatdrant rated FCW positively for both
satisfaction and usefulness (n = 44)The cluster in the lower left corner displayssdrs who

19 Driver count per quadrant does not include indisidwho rated the system neutral (subscale score = 8)tfiar
usefulness and/or satisfaction (n = 6).
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rated FCW negatively on both the satisfaction asefulness subscales (n = $2)The upper

left cluster of drivers manifested positive useéds, with negative satisfaction ratings,
suggesting that a small number of individuals rexxed the usefulness of the FCW system, but
were not satisfied with it (n = 7). There werednivers who rated the system positively for
satisfaction and negatively for usefulness.
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=05
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Figure 5-14. Driver Acceptance Scale Scores for MZ by “Usefulness” and “Satisfaction”
Quadrants

' Note that, in some cases, more than one driver cestipé same point, so that the number of distinct ptinals
fewer than 66.
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Figure 5-15. Driver Acceptance Scale “Usefulnessind “Satisfaction” Subscale Scores by
Driver

Each usefulness and satisfaction subscale scpletisd by driver in Figure 5-15. Scores on the
two subscales range from -2, least useful and $adisffied, to +2, most useful and most
satisfied. The mean satisfaction subscale scose»2a(SD = 1.2), while the mean usefulness
subscale score was .92 (SD = 1.0). The degrear@hility in scores, resulting in large standard
deviations is easily seen in the graph.

Figure 5-16 depicts an overall increase in ratiogsatisfaction and usefulness as age increased.
Scores on the two subscales range from -2, leasilumnd least satisfied, to +2, most useful and
most satisfied. Between-group differences weresigstificant for usefulness. However, in the
case of the satisfaction subscale, age did diffextenn whereby older drivers were found to be
more satisfied than the middle-age and youngeedsi¥ (2, 63) = 6.42p = .02; and~(2, 63) =
6.42,p < .01, respectively).
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Figure 5-16. FCW “Usefulness” and “Satisfaction” Sibscale Scores by Age Group

5.5.1.4 Consistency of driver response to FCW advacy measures

In an effort to account for drivers’ lack of unifoity of response to FCW survey measures, the
independent evaluation created a variable to st who were consistently negative with
regard to FCW from the consistently positive drsvel his variable, “consistency,” was
constructed by classifying responses to the thilgeaacy measures with the highest
intercorrelations: the usefulness and satisfadidrscale scores and survey responses to the
purchase intent item that asked “How likely woutniybe to consider purchasing FCW if you
were purchasing a new vehicle today?” A driver assigned “positive” consistency if scores
were greater than zero on both the usefulnessatisfastion subscales, combined with either a
rating of “probably” (4) or “definitely” (5) on thpurchase intent survey question. “Negative”
consistency was designated if scores were lesszéiranon both usefulness and satisfaction
subscales, combined with either a rating of “dédiginot” (1) or “probably not” (2) on the
purchase intent survey question. The remainingedsi who were either neutral or not
consistent among measures, were classified as tthoansistency.

Figure 5-17 shows the relationship among drivergrgeps and consistency of FCW advocacy
responses. The graph shows descriptively thatltter age group was most positively
consistent and that no older drivers were negatie@hsistent. However, approximately one
guarter of each group of younger and middle-ageedsiwas negatively consistent. No
relationships were apparent with regard to drivearder or trip behavior measures.
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Figure 5-17. Consistency of FCW Advocacy Responseag Age Group

5.5.1.5 Interpretation of FOT debriefing video clis

During each driver’s post-FOT debriefing, a sel@mtwf video clips were replayed, showing the
forward and facial driving views when FCW crash-iment alerts were received. Each driver
was asked to retrospectively classify the alegaoh clip as “useful” or “not useful” and was
also asked to describe, in their own words, why theught they received each alert. The value
of this retrospective alert classification prockss in the ability to describe each FCW alert
issuance situation in the driver’s own words. Viteo clips replayed came from each subject’s
driving experience and the comments they offerethpeto their experience using the FCW
system. This technique makes it possible to getas® as possible to the immediate situation
when the FCW crash-imminent alert was issued, sifdyeing present in time. Drivers viewed
an average of 8.3 video clips.

As shown in Figure 5-18, overall, drivers ratedo@icent of the replayed FCW alerts as

“useful.” Among the age groups, a higher percemtalder drivers were inclined to have rated
an alert as useful, compared to the younger andlezage groups.
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Figure 5-18. Usefulness of Video Clip Ratings fdFCW Alerts by Age Group

Each driver’s interpretation of the situation ttreggered an FCW alert was also recorded during
the debriefing and subsequently grouped qualititive the independent evaluation into a
broader classification scheme. Figure 5-19 shbw<slasses of reasons as created for the FCW
alerts. The most often cited reason was class#f$ectlated to the action of a “lead vehicle,” and
offered 37 percent of the time. “No apparent reasas the second most frequent response at
16 percent, and “driver attention” was cited 14cpet of the time.
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Figure 5-19. Classification Schemes for FCW Alerts Debrief Video Clips
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FOT subjects offered some anecdotes for FCW dleaitsvere classified as lead-vehicle related.
Not useful lead vehicle alert situations were |rgelated to instances when the driver indicated
that he/she was sufficiently aware of the forwaren®, that the distance from their vehicle to the
lead vehicle was adequate, or that the actioneofagadd vehicle was self-evident. Useful alerts
were typically related to situations where driviezalized they were looking away from the
forward scene, using a cell phone, or appearingraiise distracted.

As a further breakdown, Figure 5-20 shows the ithstion of drivers’ ratings of FCW alerts
assigned to each classification scheme as usafslly@ot useful. Drivers classified alerts that
they received as useful for situations involvingad vehicle 62 percent of the time. For driver
attention situations, half of the alerts receivestewdeemed useful.
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Figure 5-20. FCW Alert Classification Schemes by $&ful/Not Useful Video Clip Ratings

It is also noteworthy to present usefulness ratimgthe FCW consistency groups discussed
previously (see Figure 5-21). Of particular ingris the negative group, which rated only 11
percent of their alerts as useful. The positive lerixed groups were more evenly divided in
their usefulness ratings, though the mixed consistgroup rated approximately two thirds of
the viewed alerts as not useful. Given that daveceived a mean of 11.3 imminent alerts per
driver and viewed 8.3 video clips on average, gsimption is that the video replays reviewed
during debriefing were sufficiently representatofedrivers’ overall FCW alert experience.
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Figure 5-21. Advocacy Consistency by Useful/Not B8l Video Clip Ratings

5.5.1.6 Focus Group Comments Regarding FCW Advocacy

During each of the four focus groups, drivers wasked whether “FCW performed in the way
you would expect it to if you bought this featurdhot, how should FCW perform differently?”
Their comments can be classified as describingssselated to receiving too many false alerts,
concern that the FCW alert timing was too latdjalifty understanding how FCW worked,
interest in adding user adjustable features to FD@extending the operating range of FCW to
under 25 mph, as well as testimonials to the usefid of FCW for learning about one’s vehicle
position in relation to a lead vehicle.

In some cases, it was clear that drivers did ndetstand the FCW sensitivity settings, and on
occasion even mistakenly referred to “gap” settif®SC) when discussing the FCW system.
Drivers said they lacked a way to estimate and tstaed the FCW settings. The settings
embody vehicle dynamics as well as time headwayeBs tended to think of headway as
distance and did not think in terms of closing sate

Drivers suggested using a stored memory featurgdographic locations to suppress FCW
imminent alerts and reduce false alerts. Othecears relate to the timing of the FCW alert and
the fact that it was not user adjustable. Coverageconcern to drivers and they would like
FCW available across a broader range of speedsg ginen that rear-end collision threats often
occur at lower speeds.

Drivers were asked whether they thought FCW wadyréar production. They suggested
alterations to make FCW production ready, whichuded reducing the incidence of false alerts,
expanding FCW'’s capabilities to monitor a wideraat@nd add ways for drivers to adjust FCW
to their own driving needs.

Focus group participants were asked, “Would youduyCW system? If not, why not? And if

you would, why?” Of the 25 focus group participgar28 percent said yes, 52 percent said no
and 20 percent were uncertain. Drivers who sag Would purchase FCW tended to identify a
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need it filled for them, such as a tendency toibatted, need to travel a lot, and how it
functioned with ACC. The drivers saying they woulat purchase FCW mentioned the
incidence of false alarms and the need to imprbgecoverage and utility of FCW as reasons not
to purchase FCW. Drivers who were uncertain apauthasing FCW mentioned false alarms
and their lack of a need for FCW.

5.5.1.7 Estimated FCW purchase intent

Analyses examined to what degree FCW experiences igkated to interest in acquiring it.
Using self-reported levels of buying intent as jpded in the FOT survey item discussed earlier
in this section and applying the “weighted box” heztology, it was possible to estimate what
percentage of drivers who experienced FCW woulesbdo purchase it, thereby forecasting
acceptance.

Buying intent was gauged by responses on a 5-pdatt response scale (1 = definitely not) to
the survey item: “How likely would you be to consigourchasing FCW if you were purchasing
a new vehicle today?” The “weighted box rule” forecasting purchase using intent scales
(Urban and Hauser, 1993) provides a way to tramslabjective scale responses into purchase
predictions:? It is important to note that this prediction isestimate of future purchase,
assuming 100 percent availability and awarenediseo$ystem. It is impossible to know exactly
how buyer intent will translate into actual purobdse., the conversion-rate), especially for new
products, such as FCW.

Market researchers employ the weighted box metlecduse the data are straightforward and
positive correlations have been found betweendtatiechase intentions and purchase behavior
(e.g., Juster, 1966, Morwitz, 1992)sing the FCW purchase intent survey questianecs
responded as follows: definitely would (15.2%), ably would (30.3%), definitely not (15.2%),
probably not (22.7%). Applying the weighted bolertesulted in the prediction that 27.4
percent of the FOT drivers would purchase FCW.

It is useful to consider the likely diminution ofifghase intent due to the novelty effect and the
passage of time. The focus groups were held deweeks to 3.5 months after the drivers
finished their FOT driving. When drivers were agasked if they would purchase FCW, there
was 20 percent attrition in intent compared withvey responses to this question. As phrasing
of the focus group item was not identical to thevey measure, and because only 39 percent of
drivers returned for focus group sessions, a pegeisalculation of purchase likelihood based on
the weighted box rule was not possible. Nevertigli is the case that the initial calculated
percentage would have decreased to some extent.

2 The procedure to calculate purchase predictiorrgimtent level and probabilities of actual purchase,

is the probability of purchase for given intent lermlltiplied by the number of respondents at thanintevel. In
this case, 90% of “definites," 40% of “probables,” &@d6 of “mights” were summed. Marketers multiply this
result by the expected “awareness-availability” petage to predict what percent of the populatioth mvdke an
actual purchase. The awareness-availability pergentfers to the population segment that is both aofares
product and finds it available. The awareness-aviitlapercentage value for FCW was not available fo
calculations as it is proprietary. Therefore, by dfd 00% availability and awareness of the system \sssraed.
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5.5.1.8 Summary

Overall, driver attitudes pertaining to FCW advogas assessed using available survey data,
were in the positive to neutral range. Age-reldiedings with regard to positive advocacy of
the FCW system were most consistent for the oldeedgroup. They were the most positively
consistent regarding FCW advocacy attitudes anorteg a greater degree of overall satisfaction
with FCW when compared with the younger and middje-drivers. Additionally, the older
group was more likely to consider purchasing tretesy than the younger drivers.

Analysis of the survey items regarding the immiredetts indicated that, generally, each age
group deemed a greater percentage of alerts asaftl, rather than useful. However, this
divergence was smallest for the older driver graupich rated 43 percent of video-replay alerts
as useful. This is in comparison to the middle youhger groups, which rated favorably
approximately one third and one quarter of FCW-gatee alerts, respectively. “Lead vehicle”
and “driver attention” situations resulted in rolyghalf of all FCW alerts that drivers reviewed

in video replays and comprised nearly all of aldrtt were classified as useful. Drivers rated 16
percent of the FCW alerts that were replayed as bot useful and occurring for no apparent
reason.

Predicted level of purchase intent with regarchioECW system as it was experienced by the
FOT drivers, was initially estimated at 27 percelhis noteworthy that this percentage would
have declined due to the novelty effect if the saaleulations had been possible using
subsequent purchase intent attitudes recordedgitimnfocus group sessions. Logically, the
assumption should be made that the more time #ssgs between an individual's experience
with a product and that product’s availability fauarchase, the less salient such experiences
become, and consequently, the less likely theyaananslate into actual purchase behavior.

5.5.2 Advocacy - ACC

The advocacy objective examined the degree to wdhielers were interested in the purchase
and use of ACC. Advocacy was gauged using sesalgéctive measures that paralleled those
for FCW, as found in the FOT surveys, includingsth@addressing rental or purchasing a vehicle
equipped with FCW, endorsement of the system, andat with its use by others. Drivers

also responded to a Driver Acceptance Scale (vahain et al., 1997; for a more complete
discussion, see Appendix G) that was designechoptirposes of assessing attitudes toward
new vehicle technologies.

This section presents the results of the ACC adwoo®easures. It includes both descriptive and
guantitative discussion of the advocacy survey stamtandem with Driver Acceptance Scale
results, as well as driver anecdotes supplied dut@briefing and focus group sessions. Finally,
ACC advocacy as forecasted vis-a-vis purchasetiigatiscussed and conclusions are offered.
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5.5.2.1 ACC Statistical Findings

Correlations were calculated among the advocacyunea and the Driver Acceptance Scale
scores?® All of the measures that were significantly ictErelated exhibited relationships in the
expected direction (the full correlation matriXasated in Appendix I). The second survey
item, “...consider purchasing ACC...” and the thirdgdeeksing comfort-level if loved ones
drove with ACC, were most highly correlated witle ttsatisfaction” subscale, each at .61, while

the subscales themselves were correlated at .69.

Table 5-7 presents descriptive statistics for rasps to each of the survey measures as broken
down by sub-objective. As responses were not awaymally distributed, measures of central
tendency in addition to the mean and standard tewmiare provided for each measure.

Table 5-7. Advocacy Sub-Objective Survey Measured3criptive Statistics

Sub- Survey ltem Mean Standard Median Mode
objective Deviation
Acceptance in Rental Vehicle
Would you be willing to rent a vehicle equippedtwi
ACC? 6.1 1.6 7.0 7.0
1 (very unwilling) - 7
Interest in Purchasing
How likely would you be to consider purchasing AGC i
you were purchasing a new vehicle today? 3.9 10 0 4. 4.0
1 (definitely not) - 5
Level of Trust
How comfortable would you feel if your child, spouse
parents — or other loved ones — drove a vehicle pgdip
with ACC? 6.2 1.3 7.0 7.0
1 (very uncomfortable) - 7
Amount Willing to Pay
At $1,000, how likely would you be to consider
purchasing ACC if you were purchasing a new vehicle
today? 2.9 1.4 3.0 3.0
1 (definitely not) - 5
Willingness to Endorse
Would you recommend to your child, spouse, paremts —
other loved ones — to use ACC?
(% yes)87.9%
Driver Acceptance Scale
Usefulness subscale 15 0.5 1.6 2.0
(-2,...,%+2)
Satisfaction subscale 15 0.7 2.0 2.0
(-2,...,%+2)

13 Correlations were performed using Spearman’s rhadaparametric data.
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Table 5-8 shows statistical relationships betwea@redage group and ACC advocacy, as broken
down by sub-objective, with any significant grouffedences noted briefly in the rightmost
“results” column and nonsignificant findings derbtesing “NS.” Analysis of varianééwas
performed for Likert-type survey measures and @Qbiase analysis was employed for
dichotomous measures. Results showed that oldersliwere significantly more likely than
middle-age and younger drivers to consider purcigaaivehicle with ACC. Additionally, older
drivers were more likely than the middle-age drigeyup to be comfortable with loved ones
driving an ACC-equipped vehicle, and more likelyctmsider spending $1,000 to purchase ACC
on a new vehicle. With regard to recommending Ald@&ach case, age groups were more
likely to recommend its use than not. Finally, theer driver age group found ACC both more
satisfying and useful than the middle-age groupvdd gender was not significantly related to
any of these measures. Significant findings apeatied graphically and discussed in more detail
below.

14 parametric ANOVA results are reported here and tifiout this report. A nonparametric version of this
analysis, the Kruskal-Wallis test, was also run for theosdcy objective and produced the same results. déturth
justification for the use of ANOVA in subsequent anadyseprovided in the section on Data analysis (5.3.4).
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Table 5-8. Statistical Comparison of ACC Advocacyub-Objective Measures by Driver

Age Group
Sub-objective Survey Item Age Mean ANOVA, x2
Group Results
Acceptance in Rental Vehicle
Would you be willing to rent a vehicle equippedmB®CC? Younger 6.3
Middle 5.5 NS

1 (very unwilling) - 7 Older 6.5
Interest in Purchasing
How likely would you be to consider purchasing ACC if

you were purchasing a new vehicle today? Younger
1 (definitely not) -5 Middle 3.6
Older 4.3
Level of Trust

How comfortable would you feel if your child, spouse,
parents — or other loved ones — drove a vehicle egdip
with ACC? Younge 6.3
Middle 5.5
1 (very uncomfortable) -7  Older 6.7
Amount Willing to Pay

At $1,000, how likely would you be to consider puasimg

O more likely
3.6to consider
purchasing
thanY & M

O more
comfortable
than M

O more likely

ACC if you were purchasing a new vehicle today? Younge 3.1 to consider
1 (definitely not) -5 Middle 2.4 ACC purchas
Older 3.3 than M
Willingnessto Endorse
Would you recommend to your child, spouse, parents — o Each group
other loved ones — to use ACC? Younger 86.4%ore likely to

Middle 81.8% recommend
(% yes) Older 95.5% (x2)

Driver Acceptance Scale

Usefulness subscale Younger 1.4
Middle 1.3

(-2,...,%+2) Older 1.7

Satisfaction subscale Younger 1.4
(-2,...,42) Middle 1.2

Older 1.8

O found more
useful than M

O more
satisfied than
M
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Figure 5-22. Likelihood of Considering ACC Purchas in a New Vehicle

Figure 5-23 shows the distribution of responsesHisr measure, where the older driver group
was more likely to have indicated that they wowdsider purchasing ACC on a new vehicle
than either the younger or middle-age driver grqi#i¢2, 63) = 3.77p = .05; and~(2, 63) =
3.77,p = .05, respectively). More than nine out of 1@k older drivers said that they would
“probably” or “definitely” purchase ACC.
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Figure 5-23. Likelihood of Considering ACC Purchase in a New Vehicle by Age Group
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Older drivers also reported being more comfortabta the possibility of their loved ones
driving an ACC equipped vehicle than the middle-ggmup (2, 55) = 5.57p < .01). Figure
5-24 shows that 91 percent of the older driverd gy would feel very comfortable (a score of
6 or 7) if their loved ones drove a vehicle with GC
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Figure 5-24. Comfort level if Loved Ones Drove aCC-equipped Vehicle by Age Group

Drivers were asked if they would spend $1,000 f@CAif they bought a new vehicle. Figure
5-25 shows that slightly more than one third wdiplcbbably” or “definitely” consider the
purchase, while just under one third, would “prdigabr “definitely” not consider it or were
neutral. Half of the older drivers compared tsldgn 20 percent of the middle-age group
would “definitely” or “probably” consider ACC purese at $1,000. The difference between the
older and middle-age groups’ mean scores werefgignt, however, as is depicted in Figure
5-26, attitudes especially in the middle-age graugre mixed (2, 63) = 3.28p = .05).
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Figure 5-25. Likelihood of Considering ACC Purchas in New Vehicle for $1,000
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Figure 5-26. Response Distribution for Likelihoodof Considering ACC Purchase in New
Vehicle for $1,000 by Age Group

When asked how much they would pay to purchase ARECmean amount was $1,120.
However, 15 percent of the sample did not repihi® question and responses that were
obtained were varied greafly. Some drivers claimed that they could not estirtisecost of a
feature on a new car, as they only purchased wsdc did not know what various “options”
sold for individually.

Eighty-eight percent of all drivers stated thatytlhwere willing to endorse ACC use to others (see
Figure 5-27). For each age group, responses wadrstigally different between those who

would and would not recommend using ACC (younge(1, N = 22) = 11.64p < .01; middle:

v* (1,N = 22) = 8.91p < .01; oldery® (1,N = 22) = 18.18p < .01).

! The range on this measure was from $0 to $9,000anétandard deviation of $196. The median price B84 $
and the mode was $1,000.
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Figure 5-27. Recommend ACC Use by Loved Ones by Ag@roup

5.5.2.2 Investigating Travel Behavior and ACC Advoacy Measures

Follow-on analyses were conducted to see if releobjective ACC travel behavior measures
were correlated with the advocacy measures. Tleetle measures that encompassed ACAS-
enabled driving and ACC use included ACC distanaeeted (km) in valid trips and number of
alerts with ACC engaged. However, as the distidoutor number of alerts with ACC engaged
contained more than 50 percent of the drivers wétto alerts, this correlation was not
statistically sound. Using a related measuresistiéad, there was no relationship between the
mean number of alerts per 100 km during all ACA&k#ed driving and the ACC advocacy
survey measures. Significant positive correlatiexisted between ACC distance traveled and
two survey items: drivers’ willingness to rent a@@-equipped vehicle and the Driver
Acceptance Scale satisfaction subscake (36,p < .01; and =.25,p = .04, respectively),
suggesting that greater distances traveled usingQ We€re related to increased satisfaction with
the system and greater propensity to want to nre®t@C-equipped vehicle.

5.5.2.3 Driver Acceptance Scale

The Driver Acceptance Scale and its resulting “ukefss” and “satisfaction” subscales provide
a conceptually clear means of classifying ACC-gladttitudes. Figure 5-28 shows the
guadrants created by crossing the positive andtiveganges for the subscale scores. The
cluster of drivers in the upper right quadrantda®dC positively for both satisfaction and
usefulness (n = 606f,while the upper left quadrant reflects drivers vexdibited positive
usefulness combined with negative satisfactiomgati suggesting that a small number of
individuals recognized the usefulness of the FC¥fesy, but were not satisfied with it (n =*4).

'® Note that, in some cases, more than one driver oestlpe same point so that the number of distinct pdivgs
not total 66.

7 Driver count per quadrant does not include indisidwho rated the system neutral (subscale score = 8)tfiar
usefulness and/or satisfaction (n = 2).
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No drivers were negative on both subscales or hegaith regard to ACC-usefulness and
positive with regard to satisfaction.

Satisfaction

L
Usefulness

Figure 5-28. Driver Acceptance Scale Scores for ACby “Usefulness” and “Satisfaction”
Quadrants

Each driver’s usefulness and satisfaction subswalee is plotted by driver in Figure 5-29. ltis
easily discerned from the graph that positivewadts regarding ACC usefulness and satisfaction
were dominant. Only 4 drivers (6% of the sampdég¢d ACC negatively on either scale.
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Figure 5-29. Driver Acceptance Scale “Usefulnessind “Satisfaction” Subscale Scores by
Driver

Across the entire FOT sample, mean usefulnessatisfastion subscale scores were equal at
1.5; they are plotted in Figure 5-30 by age grotipe older drivers in each case were
significantly more satisfied and found ACC to bereaseful than the middle-age grodgZ,

63) =4.78p = .01; and~(2, 63) = 4.78p = .01, respectively). No significant between-grou
differences were found concerning the younger dsive

1.8
Satisfaction 1.2
1.4 ——
O Older
: B Middle
@ Younge
1.7 —
Usefulness 1.3
1.4
-2 -1 0 1 2

Driver Acceptance Scale Ratings

Figure 5-30. ACC “Usefulness” and “Satisfaction” $ibscale Scores by Age Group
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5.5.2.4 Focus Group Comments Regarding ACC Advocacy

Drivers participating in the four focus groups dissed several topics related to their interest in,
and willingness to purchase, ACC. Their commergssammarized below.

Focus group participants were asked whether “AC@paed in the way you would expect it to
if you bought this feature? If not, how should A@&form differently?” Most drivers said that
ACC performed as expected. Some drivers wouldtbikee able to customize ACC including
softening the perceived harshness of its brakfgother suggestion was to include the
capability to switch ACC off and return to convemal cruise control.

Drivers’ most frequently mentioned concern aboutCA€lates to the logic of the operation of
the brake lights in ACC. Drivers said there iseahto balance the potential disruption due to
using brakes (and the brake lights) too oftenaevvay driving versus the need to alert other
drivers when ACC is slowing the vehicfé.

When drivers were asked if they thought ACC waslydar production, their responses were
very positive. Several drivers added that theyldidike the vehicle to accelerate faster when
they changed lanes using ACC and the braking in A€ smoother and more like coasting.
Drivers were asked whether they would purchase ATReY expressed interest in purchasing
ACC but wanted improvements. The most frequentiytioned improvement was less
aggressive braking, braking authority more likestivay, and improved acceleration when
making a lane change. Other proposed improvenecitede simplifying the HUD information
by reducing the number of icons and expandingdhge of brightness and dimness settings for
the HUD.

5.5.2.5 Estimated ACC purchase intent

Analyses examined to what degree experiencing AGE nelated to driver-expressed interest in
acquiring this system. Using self-reported lew#lbuying intent as provided in the FOT survey
item discussed earlier in this section and applyiregweighted box methodology, it was possible
to estimate what percentage of drivers would cheogeirchase ACC, thereby forecasting
acceptance. Additional detail regarding this mdttogy as used for FCW predictions may be
found in Section 5.5.1.7.

For the survey item that assessed ACC purchasa mkevers responded as follows: definitely
would (27%), probably would (46%), might or miglttr§15%), definitely not (1%), and
probably not (11%). Applying Urban and Hauser'893) weighted box rule resulted in the
prediction that, at the time the survey was congpoleapproximately 44 percent of the FOT
sample would have been inclined to purchase ACEdidcussed in more detail with regard to
the FCW system, a reduction in purchase intentsabhdequent purchase behavior is likely over
time, as the salience of ACC-driving experiencesessarily fades.

18 The brake lights come on every time "brakes" ardiegpo comply with NHTSA safety standards. ACC
however can ease up on the throttle as well; this doefght up the brakes. Thus, autobrakes appliedyitke
lights on; throttle off only does not light up brdights.
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5.5.2.6 Summary

Generally, drivers were quite positive in theirtattes regarding ACC advocacy. Driver
Acceptance Scale scores for usefulness and séisfacere particularly telling, in that no
drivers rated ACC negatively on both construct$.alDof the advocacy survey measures, the
guestion that asked how likely one would be to m®rspurchasing ACC at $1,000 received the
most neutral response.

Attitudes regarding ACC system advocacy, as exptebyg the older drivers, were more
consistently positive than for the other age groupisey were more likely than both the younger
and middle-age drivers to consider ACC purchasenew vehicle, and more likely than the
middle-age drivers to consider its purchase fo@®Q., The older drivers also expressed a
greater degree of overall satisfaction and foundCA®ore useful, compared with the middle-age
group. Furthermore, older drivers were more cotafile than those in the middle-age group
with the idea of a loved one driving an ACC-equigppehicle; in fact, they recommended the
use of ACC 96 percent of the time. At the poinsofvey administration, intent to purchase
ACC was gauged to be 44 percent for the FOT sample.

While most drivers were positive in their advocatACC, acceptance was tempered in some
cases by reports of concerns pertaining to speasiiects of ACC operation. Discussion in the
focus groups revealed that certain drivers perceA@C braking to be harsh and its acceleration
sluggish. Drivers also were concerned and/or didunderstand when, or if the vehicle’s brake
lights were illuminated under ACC-deceleration dtinds. This concern was most evident in
expressway driving, when a number of drivers contetethat slowing the vehicle in

conjunction with brake light illumination is notvedys desirable. Despite these specific
concerns, however, overall expressions of drivatisent regarding ACC were positive.

5.5.3 Perceived Value - FCW

The perceived value objective examined driver fatigon with the FCW system, awareness of
safety, compatibility with an individual’s mentaloakel, and driving skill enhancement. This
section includes both descriptive and quantitadigeussion of perceived value, as well as driver
comments provided during debriefing and focus greegsions, and a concluding summary. The
focus of the discussion for perceived value ofRE&V system is necessarily descriptive, as
statistically significant differences among ageugr®were minimal.

5.5.3.1 FCW Statistical Findings

Nine survey items were used to measure perceiviee Yar FCW. Table J-1, as found in
Appendix J provides the intercorrelations amongadeeived value measures and identifies the
statistically significantly intercorrelated item$wo of the 9 items referred to manual driving
situations and, as such, were used for comparptiygoses only. The remaining 7 items were
subjected to correlational analysis. Sixteen ef2h resulted in significant findings in the
expected direction, suggesting that the chosenumessvere internally consistent in their
assessment of the construct of perceived value.
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Across the entire FOT sample, opinions of the peeckvalue of the FCW system were
generally positive. Table 5-9 displays the measofecentral tendency and standard deviations
for each measure. Of the 9 items, the two asgpSsuerall” attitudes regarding satisfaction and
the potential for increased driving safety were lpgsitive than the others.

Table 5-9. Perceived Value Sub-objective MeasureeBcriptive Statistics

Sub-objective Survey Item Mean Standard Median Mode
Deviation
Overall
Overall how satisfied were you with the FCW system2.8 1.9 5.0 7.0

1 (very unsatisfied) 7
Compatibility with mental model
Overall, how easy was it to remember how to use and
operate FCW while driving? 6.7 0.6 7.0 7.0
1 (not at all easy) 7
Driving skill enhancement
Did you feel more comfortable performing additibna
tasks, (e.g., adjusting the heater, operating theradi
talking on a cellular telephone, etc.) while using t
FCW system as compared to manual driving? 5.2 1.3 5.0 4.0
1 (less comfortable) 7

Safety
How safe did you feel while driving the car using
FCW? 6.0 11 6.0 7.0
1 (very unsafe) 7
How safe did you feel driving the car manually? 6.7 0.6 7.0 7.0

1 (very unsafe) 7
How easy or difficult did you find it to maintainsafe
distance to the preceding vehicle when using FCW? 6.2 1.1 6.0 7.0
1 (very difficult) -7
How easy or difficult did you find it to maintainsafe
distance to the preceding vehicle when driving
manually? 6.4 0.9 7.0 7.0
1 (very difficult) -7
When using FCW, do you feel you drove more or less
safely than when driving manually? 5.1 1.4 5.0 4.0
1 (less safe) 7
Overall, I think that FCW is going to increase my
driving safety 4.6 1.9 5.0 7.0
1 (strongly disagree) 7

As depicted in Figure 5-31, drivers reported a eaofgscores for overall satisfaction with FCW.
At the positive end of the scale, a total of 4%cpat of drivers responded with satisfaction
ratings of 6 or 7. By contrast, a smaller percgatd 6%) were unsatisfied with the system
(values 1 or 2). More than one third of the sanhglé a neutral opinion (values 3, 4, or 5). The
neutral-to-positive level of overall satisfactioitmthe FCW is reflected in the mean score of 4.8
for this item.
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Figure 5-31. Overall, How Satisfied Were You withthe FCW System?

Drivers rated FCW as easy to remember how to ud@perate while driving, as illustrated in
Figure 5-32. Almost three-quarters of the drivgase FCW the highest score, 7, “very easy,”
and 94 percent rated FCW as 6 or 7, indicatingttteECW implementation was easy to
comprehend.
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Figure 5-32. Overall, How Easy Was it to Remembddow to Use and Operate FCW While
Driving?

Because FCW provides an additional support to thving task, individuals may have believed
that they could perform additional actions safehilerdriving using the system. Drivers were
asked if they felt more comfortable performing aidahal tasks, such as talking on the cell phone
or adjusting the heater, when they drove using FOWe mean score was 5.2 and the mode for
responses was a neutral “4.” Neutral zone responis® — 5 represented 59 percent of the
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sample, indicating that most drivers felt equallycamfortable performing additional tasks while
driving with FCW as when driving manually (see Fg5-33). Importantly, no drivers indicated
that they felt less comfortable (rating of 1 or&j,compared to manual operations.
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Figure 5-33. Did You Feel More Comfortable Perfornmg Additional Tasks While Using
the FCW System, as Compared to Manual Driving?

Drivers were asked to rate how safe they felt wthey drove with FCW. More than three
guarters of the drivers (77%) rated themselvegealsy very safe driving using FCW,
responding with scores of 6 or 7 (see Figure 5-3fact, the mean score for this item was 6.0.
Only 3 percent of the FOT drivers indicated thatytfelt unsafe to some degree.
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Figure 5-34. How Safe did You Feel while Drivinghte Car Using FCW?

Drivers were asked both how safe they felt drivimg car during the first six days of the FOT
(ACAS-disabled, manual driving) and using FCW. Ufgg5-35 compares responses to these
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survey items, where, in each case, more the vgstityaf the ratings show that drivers felt
quite safe (scores of 6 or 7), though a greatergmeage of respondents felt “very safe” driving
manually versus with FCW (74% and 42%, respectjvely
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Figure 5-35. Comparison of How Safe Drivers Felt Bving the Car Driving Manually
Versus Using FCW

Drivers were asked to rate how easy or difficuiytifiound it to maintain a safe distance to the
preceding vehicle when they drove the car manupilgy to when FCW was enabled, and then
subsequently, using FCW. A comparison of respqrasedepicted in Figure 5-36, indicates that
in both cases more than 80 percent of the driversd it very easy (scores of 6 or 7) to maintain
a safe distance. A small percentage (2%) of redgutis responded that they found it very
difficult to maintain a safe distance using FCW.
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Figure 5-36. Comparison of Ease of Maintaining a&e Distance to the Preceding Vehicle
Driving Manually Versus Using FCW
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A related survey item, used to compare attitudgardéng safety, asked drivers the degree to
which they felt more or less safe using FCW, coragdao manual driving. The mean score was
5.1, suggesting that drivers felt slightly safewishg with FCW. However most commonly,
responses fell at neutral (4), indicating thateéh&as no discernable difference. Figure 5-37
depicts the response distribution for this itengvging that a total of 7 percent of all drivers felt
less safe (scores from 1 — 3) driving with the FEystem.
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Figure 5-37. When Using FCW, Do You Feel You Drovilore or Less Safely Than
Manual Driving?

As a final means of assessing FCW safety issue®rdiwere questioned regarding the degree to
which they agreed that prospective use of FCW wdckase their driving safety. Responses
were distributed over the entire range of the ismale as shown in Figure 5-38. Overall,
attitudes were largely neutral, as 43 percent iwkeds responded in the 3 — 5 range and the mean
score for this measure was 4.6. A total of 39 @atrof all responses fell on the positive end of
the scale (scores of 6 or 7), while 18 percenesponses fell at the opposite end of the scale
(scores of 1 or 2).
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Figure 5-38. Overall, FCW Is Going to Increase MyDriving Safety

Given the previously noted focus on potential ageig differences, ANOVA was used to verify
the nature of any statistical relationships. Td&bIEO reports the statistical relationships among
driver age groups and attitudes regarding perceraite, as broken down by sub-objective, with
any significant group differences noted brieflttve rightmost “Results” column and
nonsignificant results denoted using “NS.”

Table 5-10. Perceived Value Sub-objective Measurey Driver Age Group

Sub-objective Survey Item Age Group Mean  ANOVA
Results
Overall
Overall how satisfied were you with the FCW system? unger 4.5
1 (very unsatisfied) 7 Middle 4.5 NS
Older 5.5

Compatibility with mental model
Overall, how easy was it to remember how to use and
operate FCW while driving? Younger 6.7

1 (not at all easy) 7 Middle 6.5 NS
Older 6.8
Driving skill enhancement
Did you feel more comfortable performing additibtasks,
(e.g., adjusting the heater, operating the radikingon a
cellular telephone, etc.) while using the FCW system a NS
compared to manual driving? Younger 5.0
1 (less comfortable) 7 Middle 5.0
Older 5.5
Safety
How safe did you feel while driving the car using\Wwe Younger 5.7
1 (very unsafe) 7 Middle 6.1 NS
Older 6.2
How safe did you feel driving the car manually? ¥ger 6.5
1 (very unsafe) 7 Middle 6.7 NS
Older 6.8
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How easy or difficult did you find it to maintainsafe

distance to the preceding vehicle when using FCW? nyeu 6.5 Jg&tﬁ:\?ﬂ
1 (very difficult) -7 Middle 5.7 M
Older 6.2
How easy or difficult did you find it to maintainsafe
distance to the preceding vehicle when driving miyiia Younger 6.4 NS
1 (very difficult) -7 Middle 6.2
Older 6.5
When using FCW, do you feel you drove more or less
safely than when driving manually? Youngers.0 NS
1 (less safe) 7 Middle 5.1
Older 5.2
Overall, | think that FCW is going to increase mivihg
safety. Younger 4.5 NS
1 (strongly disagree) 7 Middle 4.4
Older 4.9

The single statistically significant finding forqgeived value survey measures is depicted in
Figure 5-39. Here, the younger driver age gropomed finding it easier to maintain a safe
distance to the preceding vehicle using FCW thasehn the middle-age group(g, 63) =
3.11,p = .04). However, it may be noted from group methas the difference in attitudes is not
striking.
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Figure 5-39. Ease of Maintaining a Safe Distance t_ead Vehicle while Using FCW by Age
Group

5.5.3.2 Investigating Travel Behavior and FCW Perdeed Value Measures

Follow-on analyses were conducted to determinelégeee to which objective travel behavior

measures were correlated with the perceived valneg measures. The objective measures
encompassed ACAS-enabled driving and included F@fémkce traveled (km) in valid trips,
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number of FCW alerts and mean number of FCW abetd00 km. The only statistically
significant relationship that resulted= -.26,p < .05) indicated that the more total FCW alerts
received, the less likely a driver was to feel cortable performing additional tasks when
driving with FCW.

5.5.3.3 Debriefing and Focus Group Comments Regamtj Perceived Value of FCW

Drivers’ comments, excerpted from the focus grong @ebriefing sessions, provide a fuller
understanding of the perceived value of FCW. Deved mixed responses when asked if they
thought that use of FCW made them safer drivemnesthought FCW use made no difference
due to their years of driving experience while osheaid FCW made them less vulnerable to
other drivers’ mistakes. The drivers who said #@W made them safer drivers credited their
increased safety to the ability of FCW to improleit alertness as well as reinforcing good
driving habits.

When asked “Were there situations when you goiem \&hen you were not paying enough
attention?”, drivers recalled instances when FCe¥tetl them to danger. Given the sharpness of
their recall of these events, if FCW alerted drévier a situation when they were at risk, due to
driver distraction, they were likely to rate FCWspitvely. Because these kinds of events occur
infrequently, many drivers did not experience them.

Some drivers said that they were troubled by FCMEsnsistent threat detection. If drivers saw
FCW fail to alert, or were not able to provoke &rtavhen they thought one was required, their
confidence in FCW'’s safety was undermined duestpérceived unreliability.

Focus group drivers described situations when digyot get an alert when they felt it was
required such as merging traffic during the rustrhapproaching a truck, and motorcycle
pulling out from a side road.

Focus group participants generally agreed that R@GNfeduce the harm caused by rear-end
crashes when it becomes a product. They identiGadons why FCW will be helpful to reduce
rear-end crashes such as counteracting driveadigin and age-related slowing of reaction
time.

Drivers were asked if they experienced situatiohemiCW operated in a way they did not
understand or was opposite of what they expecBaine drivers mentioned situations when they
did not understand FCW. Typically these situatimwelved false, late, and unexpected alarms;
FCW failing to operate properly; and FCW malfunntidcHowever, when asked this, some
drivers responded that they felt safer driving g$hCW.

Drivers described situations when they did not ustd@d FCW information due to issues with
FCW system characteristics, false messages, avidglfeedback.
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5.5.3.4 Summary

Many of the FCW perceived value measures werefgignily intercorrelated, which indicates
that the perceived value objective was largelyrivdy consistent. Drivers provided generally
positive ratings regarding FCW safety and undedshility, but overall satisfaction was
somewhat variable. Slightly less than half theehs expressed high satisfaction with FCW (6
or 7), over one third of the drivers expresseduwdraklevel of satisfaction, and 16 percent were
dissatisfied.

Driver age did not statistically differentiate rags on the perceived value measures, with the
exception of younger drivers having found it leg8allt than the middle-age group to maintain
a safe distance to the preceding vehicle using F@&herally, the middle-age group of drivers
expressed a wide range of ratings for the FCW perdevalue measures, which may have been
related to their varied experiences with the systenng daily trips on local roads, in that they
used ACC less than the older drivers did.

For this reason, it is recommended that futureyaesl explore how differential driver use of
ACC is related to the evaluation of FCW. Drivezpaorted that FCW was valuable to the degree
that it helped them to maintain alertness and @rant distraction. In fact, the more FCW alerts
that were received, the less comfort drivers exgg@segarding performing additional tasks
while driving, including those that are potentialigtracting, such as using a cell phone.
Anecdotally, drivers who experienced an FCW aldrievdistracted appeared to clearly
recognize FCW benefits.

5.5.4 Perceived Value — ACC

The perceived value objective examined driver fatigon with the ACC system, awareness of
safety, compatibility with an individual’s mentaloakel, and driving skill enhancement. Both
descriptive and quantitative discussion of peraivaue is offered in this section, as well as
driver comments as provided in debrief and focasigrsessions and a concluding summary.

5.5.4.1 ACC Statistical Findings

Nine survey items were used to measure perceiviee Yar ACC. Table K-1, as found in
Appendix K, provides the correlations among thegmed value measures and identifies the
significantly intercorrelated items. One of thaanitems referred to manual driving in isolation
and was therefore used for comparative purposgs @il the remaining eight items, 25 of the

28 resulted in significant findings in the expectiection, suggesting that the chosen measures
were internally consistent in their assessmenh@fcbnstruct of perceived value.

Across the entire FOT sample, opinions regardiegpitrceived value of the ACC system were
generally positive. Table 5-11 displays the measoff central tendency and standard deviations
for each measure. Of the nine items, the meabateatidressed the degree of concern regarding
the traffic behind the driver when using ACC resdlin the least positive overall attitude. The
mean for this item was 4.0, with the most prevatesponse, a score of 3, indicating a greater
level of concern among the largest number of dsivethe sample.
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Table 5-11. Perceived Value Sub-Objective Measui2escriptive Statistics

Sub-objective Survey Item Mean Standard Median Mode
Deviation
Overall
Overall how satisfied were you with the ACC system? 0 6. 1.1 6.0 7.0

1 (very unsatisfied) 7

Compatibility with mental model
Overall, | felt the operation of the ACC system was
predictable. 5.9 1.1 6.0
1 (strongly disagree) 7

When | was using ACC, | understood when | had to
take control - either by accelerating or braking 56. 0.9 7.0
1 (strongly disagree) 7

How distracting did you find the ACC system operation
(e.g., automatic acceleration and deceleration or
warnings)? 5.4 1.7 6.0
1 (very distracting) 7
Driving skill enhancement
Did you feel more comfortable performing additional
tasks, (e.g., adjusting the heater, operating theradi
talking on a cellular telephone, etc.) while usihg t
FCW system as compared to manual driving? 5.6 1.2
1 (less comfortable) 7
Safety
How safe did you feel while driving the car using
ACC? 6.0 1.3 6.0
1 (very unsafe) 7

How safe did you feel driving the car manually? 6.7 0.6 7.0
1 (very unsafe) 7

When using ACC, do you feel you drove more or less
safely than when driving manually? 5.5 1.4 6.0
1 (less safe) 7

Relative to manual driving, how concerned were you
about the traffic behind you when using ACC? 4.0 19 4.0
1 (much more concernedy-

Overall, do you think that ACC is going to increase
your driving safety? 5.5 15 6.0
1 (strongly disagree) 7

6.0

7.0

7.0

6.06.0

7.0

7.0

7.0

3.0

6.0

As depicted in Figure 5-40, the scores for ovesatisfaction with ACC were mostly positive.
More than three-quarters of the drivers gave sati&fn ratings of 6 or 7. By contrast, less than
25 percent expressed a more neutral opinion (va@uésor 5) and no drivers reported being
unsatisfied with the system (scores of 1 or 2)paAitive level of overall satisfaction with the

ACC is reflected in the mean score of 6.0 for ttém and a mode of 7.
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Figure 5-40. Overall, How Satisfied Were You witlthe ACC System?

With regard to the degree to which ACC operatioiamed drivers’ expectations (i.e., mental
model) for how such a system should operate, resgsoimdicated that, overall, drivers found
ACC predictable (see Figure 5-41). Nearly threartprs of respondents (71%) indicated that
they strongly agreed (scores of 6 or 7) that ACErapon was predictable and no one strongly
disagreed (scores of 1 or 2) with this statement.
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Figure 5-41. Overall, | Felt the Operation of theACC System was Predictable
Perhaps as a result of finding ACC operation ptabiie, there were cases when drivers
understood when they had to take control and alethe system (see Figure 5-42). The large

majority, 90 percent, of the drivers indicated thatas quite obvious when a system override
was necessary (scores of 6 or 7).
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Figure 5-42. When using ACC | Understood When | Hd to Take Control, Either by
Accelerating or Braking

Drivers were asked to rate how distracting theyntbACC operation in terms of its automatic
acceleration and deceleration. As shown in Figud8, close to two-thirds of the sample did not
find this function distracting and responded atphbsitive end of the scale (scores of 6 or 7).
However, it is important to note that approximatg/percent of drivers responded in the
negative range (scores of 2 or 3), suggestingthiegtfound aspects of the automatic acceleration
and braking distracting to their driving.
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Figure 5-43. How Distracting Did You Find the ACCSystem Operation?

Because ACC provides support to the driving tastlividuals may have believed that they could
perform additional actions safely while drivingngithe system. Drivers were asked if they felt
more comfortable performing additional tasks, saslftalking on a cell phone or adjusting the
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heater, when they drove using ACC, compared to mlBnuThe mean score was 5.6. Figure
5-44 shows that 61 percent of drivers responddaegpositive end of the scale (rating of 6 or 7),
indicating that they were more comfortable perforgnadditional tasks while driving using

ACC. Importantly, no drivers indicated that thejtfess comfortable (rating of 1 or 2), as
compared to manual operations. However, 26 perespbnded neutrally (4) that they were
neither more, nor less comfortable performing add#l tasks using ACC.
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Figure 5-44. Did You Feel more Comfortable Perfornmg Additional Tasks While Using
the ACC System, as Compared to Manual Driving?

With respect to a comparison of manual versus AG@nd) safety, respondents were asked the
same survey question for each driving situationcofparison of responses as provided in
Figure 5-45 indicates that in both cases, the magbrity (from 74% - 95%) of all drivers felt
that they were quite safe (scores of 6 or 7) omahd. However, 27 percent more drivers felt
“very safe” driving manually, compared to drivingtlvACC.
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Figure 5-45. Comparison of How Safe Drivers Felt Bving the Car Using ACC versus
Driving the car Manually
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Using a different approach, a related survey itsked drivers the degree to which they felt
more or less safe using ACC, as compared to malivathg. As depicted in Figure 5-46, over
half of the sample (55%) responded at the posénakof the scale (scores of 6 or 7), indicating
that they felt safer driving with ACC. Howevergtmean score was only somewhat positive, at
5.5, as 43 percent of drivers responded in theralenainge of the scale (scores of 3, 4, or 5).
Nevertheless, only a very small percentage (2%jomded at the “less safe” end of the scale
(scores of 1 or 2).
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Figure 5-46. When Using ACC, Do You Feel You Drove More or Lessdtely than Manual
Driving?

In another safety-related measure, drivers rateid toncern about the traffic behind them when
using ACC as compared to manual driving. As degiah Figure 5-47, 45 percent of the sample
expressed some level of concern about the traffiiria them when they were using ACC and
12 percent were much more concerned than whemdrivianually. It should be noted that one
fifth of the respondents said that they were mesls concerned about the traffic behind them
than as compared to when they drove manually.
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Figure 5-47. Relative to Manual Driving, How Concened were You About the Traffic
Behind You when Using ACC?
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Finally, drivers were asked, overall, if they be&d that use of ACC would increase their
driving safety. Nearly two-thirds of the driveesponded using the positive end of the scale
(scores of 6 or 7) as shown in Figure 5-48; howeaher mean was quite neutral at 4.6. In fact,
almost one-third of the sample responded in théraleange (scores of 3, 4, or 5). Five percent
of drivers did not agree that using ACC would imdheir driving safety (scores of 1 or 2).
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Figure 5-48. Overall, do You Think that ACC is Gong to Increase Your Driving Safety?

As previously noted, driver acceptance analyseg warrowed to a focus on potential age group
differences. ANOVA was used to verify the natuf@my statistical relationships. Table 5-12
reports the statistical relationships among drage groups and attitudes regarding perceived
value, as broken down by sub-objective, with agyisicant group differences noted briefly in
the rightmost “Results” column and nonsignificaggults denoted using “NS.”

Driver age group was significantly related to fofethe ACC perceived value measures; i.e.,
overall satisfaction and safety, the degree ofesygtredictability and level of distraction related
to ACC features, such as automatic acceleratiordandleration, and a comparison of ACC
versus manual driving with regard to level of dnyisafety. Each statistical finding is depicted
graphically and discussed below.
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Table 5-12. Perceived Value Sub-Objective Measuréy Driver Age Group

Sub-objective Survey Item Age Group Mean ANOVA
Results
Overall
Overall how satisfied were you with the ACC system? unfer 5.7 O more
1 (very unsatisfied) - 7 Middle 5.6  satisfied than
Older 6.6 Y and M
Compatibility with mental model
Overall, | felt the operation of the ACC system was
: O agreed
predictable. Younger 5.5 more so than
1 (strongly disagree) - 7 Middle 5.9 v
Older 6.5
When | was using ACC, | understood when | had to take
control - either by accelerating or braking Younge6.6 NS
1 (strongly disagree) - 7 Middle 6.3
Older 6.8
How distracting did you find the ACC system operation
(e.g., automatic acceleration and deceleration or O found less
warnings)? Younger 4.8 distracting
1 (very distracting) - 7 Middle 5.1 thanY
Older 6.2
Driving skill enhancement
Did you feel more comfortable performing additibna
tasks, (e.g., adjusting the heater, operating theradi
talking on a cellular telephone, etc.) while usihg t NS
FCW system as compared to manual driving? Younger 5.8
Middle 5.4
Older 5.7
Safety
How safe did you feel while driving the car using@Z Younger 5.6
1 (very unsafe) -7 Middle 5.8 NS
Older 6.5
How safe did you feel driving the car manually? ¥ger 6.5
1 (very unsafe) - 7 Middle 6.7 NS
Older 6.8
When using ACC, do you feel you drove more or less O felt drove
safely than when driving manually? Younger 5.3 more safely
1 (less safe) -7 Middle 5.0 than M, wher
Older 6.1 using ACC
Relative to manual driving, how concerned were you
about the traffic behind you when using ACC? Younge4.2 NS
1 (much more concerned) - 7 Middle 3.8
Older 4.0
Overall, do you think that ACC is going to incregser
driving safety? Younger 5.3 O agreed |
1 (strongly disagree) - 7 Middle 5.0 motrﬁasrfr&ng)
Older 6.2
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Figure 5-49 depicts the overall satisfaction le¥etsACC by age group. Drivers in the older
age group reported greater satisfaction with th€Agstem than drivers in the middle and
younger age group&(2, 63) = 5.49p = .01; and~(2, 63) = 5.49p = .02, respectively). In fact,
73 percent indicated that they were very satisfigd the system (7).
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Figure 5-49. Overall Satisfaction with the ACC Sytem by Driver Age Group

As presented in Figure 5-50, drivers in the oldgr group were significantly more likely to
agree that the ACC operated in a predictable mathaardrivers in the younger age gro&g2,
55) = 3.45p = .04), suggesting that the system matched theaherdel of the older drivers
more so than those who were younger.
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Figure 5-50. Overall ACC System Predictability byDriver Age Group
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Results pertaining to the level of distraction eigreced by drivers as related to ACC features,
such as automatic acceleration and deceleratierdegicted in Figure 5-51. This figure
indicates that older drivers found ACC system opeanasignificantly less distracting than

drivers in the younger age groug(2, 55) = 3.45p = .03). Older drivers who found that ACC
was not at all distracting in its operation (59%hna score of 7) made up the largest percentage
of responses.
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Figure 5-51. How Distracting Did You Find the ACCSystem Operation by Driver Age
Group

Figure 5-52 presents results for the survey itesth disked respondents to compare how safe they
felt driving using ACC, compared to manual driving.significant difference existed, in that
older drivers reported feeling more safe than thieske middle-age groug-(2, 63) = 3.41p =

.04). More than half of the sample of older drsvs5%) reported feeling safer (7), compared to
9 percent of the middle-age group who respondéakeamost positive end of the scale.
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Figure 5-52. Comparison of How Safe Drivers Felt Bving the Car Using ACC versus
Driving the Car Manually by Driver Age Group

In an additional item that addressed overall AC&eay safety, Figure 5-53 depicts the
significant finding that older drivers were morkelly to agree than those in the middle-age
group that using ACC would increase their driviafety (2, 63) = 3.56p = .03). Older
drivers represented the largest percentage of neggdor any scale value, with 55 percent
indicating that they strongly agreed (score ot the ACC system would improve their
driving safety.
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Figure 5-53. Overall Belief that ACC would Increag Driving Safety by Driver Age Group
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5.5.4.2 Investigating Travel Behavior and ACC Perdeed Value Measures

Follow-on analyses were conducted to determinelégeee to which objective travel behavior
measures were correlated with the perceived valneg measures. The objective measures
that encompassed ACAS-enabled driving and ACCnudaded ACC distance traveled (km) in
valid trips and number of alerts with ACC engagethwever, as the distribution for number of
alerts with ACC engaged contained over 50 perckdtigers with zero alerts, this correlation
was not statistically sound. Using a related messuits stead, there was no relationship
between the mean number of alerts per 100 km datlmgCAS-enabled driving and the ACC
perceived value measures.

Significant, positive correlations existed betwéatal distance traveled in ACC mode and the
following variables: the degree to which individsiéund ACC predictable € .26,p = .03),

level of safety felt while driving using ACC € .32,p = .01), and overall attitudes regarding the
degree to which ACC would increase driving safety (29,p = .02). Each relationship was in
the expected direction, in that greater distan@asted using ACC were associated with a
greater degree of feeling that the system was ¢iadule and safe.

5.5.4.3 Debriefing and Focus Group Comments Regamty Perceived Value of ACC

Drivers’ comments excerpted from focus groups agtaiéfing sessions provide a fuller
understanding of the perceived value of ACC. Dewgere almost unanimous in endorsing
ACC use.

Drivers liked the way that ACC made their vehidsume its speed when the preceding car was
out of the way.

Another feature drivers liked about ACC was itdigbio maintain the desired speed.

The enthusiasm extended to drivers who admitteglitad made little prior use of conventional
cruise control. When asked to compare ACC withveational cruise control, drivers preferred
ACC to CCC.

Drivers were asked in what traffic conditions theyuld use ACC. Some drivers said they
would use, or try to use, ACC in almost all traffenditions. Other drivers said that they did not
want to use ACC in heavy congested traffic or im#at weather. Some drivers mentioned
special uses for ACC such as maintaining speece@savhere there are police traffic
enforcement traps.

Drivers were asked if they thought using ACC mdumt safer drivers. Several drivers
anticipated that ACC use would reduce road rageemts in heavy traffic. Overall, drivers
agreed that ACC made them safer drivers.

Drivers had conflicting opinions as to whether thieyught that ACC use would reduce harm.
Some drivers remembered that they were instruatetbruse ACC in congested local traffic yet
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thought that rear-end crashes are more likelyesealconditions. Drivers were confused as to
where there are risks of rear-end crashes versuspibropriate locations using ACC.

5.5.4.4 Summary

Almost all of the ACC perceived value measures vgaggificantly intercorrelated, which
indicates that the objective was largely internatinpsistent. Drivers were quite satisfied with
ACC overall and reported that they felt quite sadeng it, though were somewhat less convinced
that they drove more safely using ACC as comparedanually. As a whole, drivers also rated
ACC highly with regard to understanding when owng system acceleration and/or
deceleration was necessary. While still positiresers did rate ACC slightly lower on
predictability, and the degree to which system fiaming was distracting and would increase
driving safety.

Almost half of the sample reported some concero #ise degree to which the traffic behind
would understand the operation of an ACC-equippadale. This points to the issue of driver
expectations regarding vehicle actions, as roagtysedquires a common set of behavioral
expectations that form over time in the case ofl@mgnting new or emerging vehicle
technologies.

Driver age was related to ratings on some of tliegieed value measures. The older driver age
group reported a greater degree of overall satisfagvith ACC than both the younger and
middle-age groups. Additionally, older driverseep that ACC operation was more predictable
and were less distracted by ACC than the youngeerdgroup. Finally, in comparison to the
middle-age group, older drivers felt that they drovore safely using ACC, as compared to
manually, and agreed more strongly that ACC usddvimgrease their driving safety.

With regard to trip behaviors, travel using ACC welaited to the level of safety felt while
driving using ACC, the degree to which individutdl the system was predictable, and would
increase driving safety. Generally, with increased, it appears that drivers tended to become
more positive toward the value of various aspetth@ACC system.

5.5.5 Ease of Use — FCW and ACC

Examination of the ease of ACAS use explored tlggaeseto which drivers found the system
easy to set up, understand, adjust, and use. dkase considerations were specified with regard
to several sub-objectives. These included howedsivated ACAS in comparison to
conventional in-vehicle systems, what demands sysi&e placed on drivers, how drivers used
ACAS, their understanding and regard for warnings auisance alerts (FCW), as well as
overall usability, including the HUD.

5.5.5.1 FCW Statistical Findings
This section presents the results associated wilyses performed for the FCW ease of use

measures. Itincludes a descriptive and quant#tatiscussion of the ease of use survey items.
Driver comments as obtained during focus groupdrivér debriefing sessions are provided to
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give a fuller understanding of how drivers asse$$ed/ ease of use. This section concludes
with a summary of findings.

As appropriate, correlations were calculated antbeg-CW ease of use measures by sub-
objective and are found in Appendix L. Relatiopshiior Likert scale items, where significant,
were in the expected direction.

Drivers responded to survey items that assesséatat regarding FCW ease of use. Appendix
M includes tables with descriptive statistics fesponses to each of the survey measures, broken
down by sub-objective. As responses were not awaymally distributed, measures of central
tendency, in addition to the mean and standarcatiew, are provided for each measure, where
appropriate. For items that elicited dichotomasponses, the percent of “yes” replies to the
measure is provided.

As indicated in the methods section of this repanijer acceptance analyses were targeted
where there were differences among age groups raagéoand gender groups, as appropriate.
Where statistically significant, meaningful findsthat differentiated groups on FCW ease of
use are discussed. For reference purposes, abiesning mean responses by age group are
presented in parallel with the overall descripstatistics for all survey measures in Appendix
M. Significant group differences are noted briefiythe rightmost “Results” column, while
nonsignificant results are denoted using “NS.” Ksig of Variance was performed for Likert-
type survey measures and Chi square analyses setefar dichotomous measurés.

Compared to conventional safety systems, such & &l airbags, ratings for FCW were
neutral (i.e., neither better, nor worse; meaneseo8.9). Moreover, there were no significant
between group differences among the age groups.

Additional demands on drivers, necessitated byacteng with the FCW system, were assessed.
A survey item asked participants how much stresg thlt while using FCW compared to

manual driving. The mean score for all drivers wak indicating a slight tendency toward less
stress using FCW over manual driving. Figure Wégicts a percent distribution of scores for
this item, overall and by age group. Almost onk dlthe drivers, 49 percent, reported less
stress driving with FCW (scores of 5 — 7), while@uarter of the drivers reported more stress
(scores of 1 — 3). ANOVA results indicated tha ylounger driver age group was more stressed
than the older drivers by FCW, compared to manusirgy (F(2, 55) = 4.66p = .01).

19 parametric ANOVA results are reported here and ttrout this report as justified in the section on Daialysis
(5.3.4).
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Figure 5-54. Did You Experience More or Less Straswhen Driving With FCW as
Compared to Manual Driving by Driver Age Group?

Additionally, drivers were asked if the visual despof FCW cautionary alerts was distracting.
The mean was 5.4, indicating that the visual caatip alerts were not considered extremely
distracting, however there were a wide range giomses to this item.

Figure 5-55 shows the percent age distributionrivieds’ scores overall and by age group.
Sixty-nine percent replied that the cautionary &lsalerts were toward the “not at all distracting”
end of the item response scale (scores of 5 —hile W9 percent of respondents fell at the
“distracting” end of the scale (scores of 1 — B).a comparison of the age groups, younger
drivers reported finding the visual alerts mordrdisting than did the older driver age group
(F(2, 55) = 4.99p < .01). However, it is important to note that theam for the younger group
(4.5) was quite neutral. The mean score for tderadlriver group (6.2) suggests that older
drivers did not view the visual FCW cautionary &exs very distracting.
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Figure 5-55. How Distracting were the Visual Alers that Signaled a Cautionary Situation
by Driver Age Group?
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Drivers were asked a series of questions to idewifat types of driving conditions precipitated
adjustments to the FCW alert timing. Traffic cdratis were a reason for changing FCW
settings by the largest percentage of “yes” respoby drivers, at 77 percent (see Figure 5-56).
Weather conditions were the next most frequenoreés FCW alert timing adjustments, 41
percent, with smaller percentages of respondedtsating that being in a rush, tired, or
concerned about alertness warranted a change.
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Figure 5-56. Percent “Yes” Responses to FCW Aleitiming Changes by Conditions,
Overall and by Driver Age Group

Use patterns for the FCW system were assessed &gumeg driver comfort utilizing FCW in
adverse weather conditions. More than 10 perdettizers never experienced system
operations in poor weather. However, for those didadrive in adverse weather, the mean
response to a seven-point scale (1 = very uncoaifl@} was 5.5, suggesting that drivers felt
moderately comfortable using FCW. Age was not tbtmsignificantly differentiate between
groups on this measure.

With the knowledge that FCW issued false immineatnings, it was important to address the
level of tolerance drivers exhibited toward whatildobe considered “nuisance” alerts. Figure
5-57 depicts response distributions for the ers@mmple and by age group for the measure
assessing overall annoyance regarding alerts thia leemed “unnecessary.” Overall, 27
percent of the drivers reported that they were &aiall” annoyed by unnecessary FCW alerts,
while slightly more than one third, 35 percenttha drivers reported marked annoyance. The
mean response for this item was 3.4, indicating ttraaverage, attitudes toward unnecessary
alerts fell between “tolerable” and “slightly anmog.” Using ANOVA to differentiate among
the age groups, results indicated that the youaigémiddle-age drivers reported being more
annoyed by what they deemed as unnecessary FCW, alempared to the older driveq2,

60) = 17.25p < .01;F(2, 60) = 17.25p < .01). Mean scores by group were 2.6 for younger
drivers, 3.1 for middle-age drivers, and 4.4 fatevldrivers.
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Figure 5-57. Overall, Indicate the Annoyance LeveAssociated with Unnecessary FCW
Alerts Overall and by Driver Age Group

The degree to which drivers felt “annoyed” by vasgariving situations that could have resulted
in unnecessary FCW alerts was also investigateduilacceptably annoying — 5). Drivers rated
as “only slightly annoying” unnecessary FCW aleesulting from when they cut in behind
another vehicle (mean = 4.0) or changed lanes (me&fl). The highest annoyance ratings
were associated with passing a sign, light posguardrail, though the mean score of 3.1
indicated that, in actuality, drivers as a wholerfd even such alerts “tolerable.”

Analyses were also performed to determine whethed#ferentiated among annoyance ratings
for the various driving situations. There was mgmgicant between-age group difference in
responses to passing a parked vehicle. Howeverdidgdifferentiate attitudes with regard to the
remaining seven scenarios. Figure 5-58 and Figti@ depict mean annoyance ratings by age
group where there were significant differencesfolir of the scenarios, both younger and
middle-age driver groups were significantly morea@yed than the older drivers. These
included “when a vehicle ahead of me turnde(2( 60) = 11.62p < .01); “when a vehicle

ahead changed lane$(, 60) = 10.16p < .01); “when a vehicle cut in front of meF(2, 60) =
5.70,p < .05); and “when my vehicle changed land¥(2( 60) = 6.71p < .05). For two of the
remaining scenarios, younger drivers were sigmtiganore annoyed than the older drivers.
These included “when | passed a moving vehidig2(60) = 6.49p < .01) and “ when | cut in
behind another vehicleF(2, 60) = 5.85p < .01). Finally, the middle-age group reported
greater annoyance than older drivers with regafdlse FCW alerts associated with signs, light
posts, and guard rail&(2, 60) = 3.89p < .05).
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Figure 5-59. Mean Annoyance With Unnecessary FCWI@rts for Host Vehicle Scenarios
by Driver Age Group

The understanding of warnings sub-objective addcedsiver comprehension of FCW warnings.
The goal of this objective was to assess drivdsrepbrted ability to recognize and discriminate
various features of the FCW alerts while drivirigata pertaining to objective components of the
alerts are addressed in the safety benefits seatitins report.

Briefly, the FCW system functioned by generatingniment crash-warning icons on the HUD,
accompanied by an auditory alert to warn driveas they were too close to a lead vehicle and
should apply the brake. As further elucidatechmgection on ease of learning, there is evidence
that some drivers did not understand how FCW foneitil, even at the culmination of their FOT
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participation. Given the fact that the system waisalways fully comprehended or intuitive for
drivers to use, it is important to determine thgrde to which various aspects of the warnings
were acceptable to and understood by the user.

In the case of visual alerts, drivers were asked Wwell they could identify a warning for a
cautionary situation versus an imminent threate fifean response to this item was 6.3 on a
scale of 1 (not well at all) — 7, suggesting thatets did not have a problem discriminating
between cautionary and imminent alerts. Therensasignificant difference between age
groups for this measure.

With regard to alert triggers, drivers were asked loften FCW provided an alert where the
source could not be determined. As depicted inr€i$-60, nearly 40 percent of drivers
reported that they could not identify the sourca 81CW alert once or twice, while 29 percent
reported receiving from three to twenty such ale@se-third of the drivers indicated that they
felt that they were always able to identify the reeuof the FCW alert.
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Figure 5-60. Rating of How Often Drivers Could notidentify Source of FCW Alert

Disaggregating these data by age and gender, asmshd-igure 5-61, indicates that the majority
of the older males, 55 percent, and the older fesy&@4 percent, felt that they could always
identify the source of an FCW alert. In contrastly 18 percent of the younger and middle-age
males and the middle-age females responded thatahes though they could always identify
the source of the FCW alert.
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Figure 5-61. Rating of How Often Could Not Identify Source of FCW Alert by Driver Age
Group and Gender

Drivers were also questioned regarding the degreéhich they found the FCW auditory alert
startling. Although the mean response for thishiteas 4.6, slightly less startling than neutral on
the 7-point scale, Figure 5-62 depicts a wide ithistion of scale scores. Over one-quarter of the
drivers, 26 percent, responded that the audit@m alas not at all startling, whereas 7 percent
indicated that the alert was very startling. Driage group differentiated these responses
statistically. Younger drivers rated the auditalgrt significantly more startling (mean = 3.6)
than the older drivers (mean = 52, 55) = 3.92p = .02).
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Figure 5-62. How Startling did You Find the Auditay Alert when it Occurred Overall and
by Driver Age Group?
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The remaining measures that comprised the undeiatanf warnings sub-objective addressed
the effectiveness of the visual and auditory alegswell as the use of color for the alert icons.
None of these items were differentiated statidifainong driver age groups. For drivers as a
whole, with regard to the degree to which usingcohproved the understanding of the FCW
information presented in the HUD, the overall messponse was 6.2 (7 = strongly agree),
indicating that the use of color was deemed beiagfi¢n terms of the effectiveness of the alerts
(7 = very effective), overall mean responses washaearing the positive scale anchor. As it
pertained to the visual component, drivers indiddlat the warnings were effective at getting
their attention quickly (mean = 6.2). Regarding #ludio component, drivers responded
similarly as to the effectiveness of the audiotalecommunicating imminent threats (mean =
6.2) and getting their attention quickly (mean 5)6.

The usability sub-objective gauged aspects of deeenfort level and ease of adjusting and
driving with the FCW system. For two items, respemdiffered statistically by age group.
These pertained to the degree of annoyance assevwth the imminent visual and auditory
alerts (see Figure 5-63 and Figure 5-64). Ovetfadlimminent visual and auditory alerts were
rated as tolerable, slightly annoying, or not Aahoying by 76 percent and 71 percent of
drivers, respectively. As depicted in Figure 5-&30ng the age groups, younger and middle-
age drivers reported being significantly more amablyy the imminent visual alert than older
drivers (2, 35) = 4.77p < .05), though their degree of annoyance was nabelémean = 3.2
for both younger and middle-age groups, comparedegmlder group mean = 4.8).
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Figure 5-63. “How Annoying Was the Visual Alert That Signaled a Situation in Which
You May Be About to Crash?” Overall and by Driver Age Group

As shown in Figure 5-64, when drivers were questibregarding the degree to which they
found the auditory alert indicating an imminentstraisk situation annoying, nearly 30 percent
responded that the alert was either somewhat arceptably annoying. Again in this case,
younger (mean = 2.9) and middle (mean = 3.4) aiyemrwere significantly more annoyed by
the FCW auditory alert for imminent crash situasipiinding them in the range of “tolerable”,
compared to the older drivers (mean = 52, 35) = 6.06p < .05).
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Figure 5-64. “How Annoying Was the Auditory Alert That Signaled a Situation in Which
You May Be About to Crash?” Overall and by Driver Age Group

Additional usability measures that did not diffeifate age groups, but were nevertheless of
interest, included an item assessing driver conido| using FCW (1 = very uncomfortable —

7), which resulted in an overall mean score of Biéicating a moderate level of comfort with
FCW use across the sample. Regarding the amouimi@it took for participants to reach this
level of comfort, the mean response for the sawple 2.0 indicating that, on average, drivers
took 2-3 days. Finally, with regard to the usaypitif the alert timing adjustment, on average,
drivers reported that it was easy to understanduaed’7 = very easy; sample mean = 6.3).
Additionally, drivers indicated that they changhd tlert timing adjustment on average a bit
more frequently than 2-3 times over the three wé&ld/ was enabled (5 = | changed the setting
every day; sample mean = 3.3).

5.5.5.2 HUD Statistical Findings

Drivers were asked which aspects of the HUD theyld/prefer to see moved to the head-down
instrument panel, or have visible only when adjesita were made, rather than being
continually displayed. The majority of drivers didt recommend any change to the HUD in
terms of removing information and displaying itive head-down instrument panel. As it
pertained to displaying information only while asljmments were being made, 46 percent
suggested displaying the ACC gap setting/headwbycaning adjustments, 26 percent would
have preferred that the FCW alert timing setting wigible only while being adjusted, and 14
percent indicated that only displaying the ACCsgeted during adjustments would have been
adequate. Additionally, drivers were asked howudently they intentionally adjusted the HUD
location to hide the information display and drevigh it in that position for an extended period.
The majority of drivers, 83 percent, stated thaithever adjusted the HUD in this way, while 3
percent of the sample responded that they adjalseeUD “very frequently” in this manner.
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5.5.5.3 Investigating Travel Behavior and FCW Easef Use Measures

Follow-on analyses were conducted to see if ohjedtiavel behavior measures were correlated
with the subjective Likert-type ease of use sunveasures. The objective measures
encompassed ACAS-enabled driving and included F@&fénkce traveled (km) in valid trips,
number of FCW alerts and mean number of FCW abetd00 Km. No meaningful statistical
relationships were obtained among the survey afettobe travel behavior measures.

5.5.5.4 Interpretation of Debriefing and Focus Grop Comments

Drivers’ ease of use related comments during thedgroups and driver debriefings are
discussed to enhance the understanding of theigrat FCW'’s ease of use.

Drivers, participating in focus groups after contiplg the FOT, discussed, “When you got the
(FCW) imminent alert, what did you typically don@sponse to that? Did you apply the
brakes?” They framed their answers in several w&gmmne described how they handled the car
mechanically, others described how their reacttoR@GW evolved through time, and others
classified their responses depending on whethgnileee attending to the forward scene or not.

Drivers associated the FCW crash-imminent aleft wie audible sound and some, but not all,
associated it with the large visual icon. A fewvdrs noticed that the audible alert is not unique
and that other infrequently occurring alerts usesame sound, i.e., when ACC is no longer
available because the vehicle speed is too slogingd.the same sound for multiple conditions
may require the driver to devote more attentiodisariminating the meaning of the sound as
well as respond to it.

Some drivers used the color and size shifts indtwes to signal a change in risk. Drivers said
that it took time to understand the imminent FC\&tabecause it happened infrequently,
suggesting that they had a learning curve for FCW.

The comments raise a question about the utiligeofionary alerts as some drivers said they
learned to ignore the “early ones.” Typically, mdevers hover their foot over the brake while
assessing the forward scene to react to an immailerit

Some drivers mentioned that they needed time to leaw to use FCW.

Comments recorded during the focus groups andeiglériefings convey that some drivers felt
shock when they received a crash-imminent aleralse it happened so infrequently.

Drivers were asked how their response to imminkmtsachanged through time, “do you think
the way you responded differed depending on theassw#? or change with more experience?”.
They said that they became more comfortable us\y Rhey initially did not know what to
expect and overcame this feeling, they grew todikd use the slow warning system more than
the imminent alert itself, and they learned thaddcsomething is response to an imminent alert.
i.e. checking the forward scene, etc., and made mdjustments to the FCW settings for
weather etc. over time.
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Other drivers mentioned how they used FCW accorttirtbeir situation. For example, some
drivers said that, if they were distracted and Falé/ted them, they immediately applied the
brake. However, if they were attending to the famdvscene and saw a lead vehicle make a right
turn and got an imminent FCW alert in responsey tbarned to pay no attention because the
situation was safe.

Some drivers used FCW as instruction about therrdy, commenting that FCW modified their
driving. They viewed an alert as beneficial beeatiseminded them to monitor the road
situation as well as remedy distraction.

If a driver disagreed with the threat being warabdut, he/she had to identify the risk, if any,
about which they were being warned. They foundrwato look for the source of the alert to be
annoying because it required added effort.

During their debriefing, drivers made comments albloeir comfort using FCW. Drivers’

comfort was improved because FCW reinforced the&dto maintain a forward view. Their
comfort was also impaired by false warnings, FCYalikire to detect threats, the time needed to
get used to FCW, difficulty in testing FCW and fimgl a suitable FCW setting, obscure meaning
of each setting option, distraction caused by tbes, misleading detection of non-threatening
vehicles, and the late onset of FCW alerts at ligheeds.

During the debriefings, drivers were asked whaoged them about FCW. Drivers said FCW
warnings were annoying because they occurred ijunotion with false warnings. They were
interrupted and had to identify a source for tlegtadnd then regain their driving composure.
Drivers found the combination of needless intelinmptwith its insistent intrusive sensory
characteristics, annoying.

When drivers were asked what annoyed them about E€IMg an open-ended response format,
their answers can be categorized as FCW'’s audibow; the size and color of the FCW icons;
the unexpected, distracting, or startling charactéhe FCW alert; and the FCW timing, in terms
of the lateness of the alert because, often, theeg @lready reacting to the threat situation.

When asked about the HUD, drivers said that tHeadliseeing their vehicle speed on the HUD,
even though the changing digits could be distrgctifihey also mentioned that the HUD was
useful for night driving. Some commented that brigunlight could wash out the HUD display.
Other drivers mentioned being annoyed initiallythg icons on the HUD but learned to
overlook them with time.

5.5.5.5 Summary

Although ease of use ratings for FCW ranged frootnaéto positive overall, the distributions of
the ratings and their association with driver ageiaformative. Compared to manual driving,
mean stress levels when using FCW were reporteéusal to slightly positive, however the
ratings were widely distributed. One quarter & dhivers indicated that FCW use led them to
experience more stress, compared to 49 percentirgptess stress.
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With regard to the cautionary visual icons, therthstion of scores is also quite revealing.
While, overall, drivers did not rate the alertsvasy distracting, those who did (scores of 1 or 2)
were part of the younger age group (20%, compar€@dd of middle and 5% of older drivers).
Pertaining to the FCW alert timing settings, drssegported, overall and with no significant age
group differences, that traffic and weather coodsi were the most frequent reasons for
changing the setting. Age group did differentigsponses regarding level of annoyance with
the incidence of false FCW alerts, however. Wtakea group, over one quarter of the drivers
reported being not at all annoyed by the falseslslightly more than one-third experienced
marked annoyance. Further, the younger and migigitlegroups expressed greater annoyance
than the older drivers regarding alerts that weented unnecessary. Similarly, younger drivers
tended to report greater annoyance by false FCWisatemost driving situations, while older
drivers tended to report being less annoyed. Qyerse third of the drivers said they were
always able to identify the reason for the FCW imenit alert and older drivers were over-
represented among those able to identify the safrttee alert. Three fifths of the older drivers
said they were always able to identify the sourfdd® FCW imminent alert compared to just
under one quarter of the younger drivers and leams one fifth of the middle-age drivers. With
regard to the auditory component of the FCW abesta group, drivers did not find it to be overly
startling, though younger drivers rated the alesterstartling and also more annoying than did
older drivers. Additionally, the younger and mieldige groups expressed greater annoyance by
the imminent visual alert than older drivers.

Other findings included reports that drivers weeaerally in favor of the HUD implementation
and the vast majority, 83 percent, never intentigraljusted and drove with the HUD in a way
that hid information in the display. Changes t® D that did receive some element of
support included displaying the ACC gap/headwayR@w alert timing settings only when
adjustments were being made.

Any nascent anecdotal reports of annoyance with FMANS appeared to be aggravated to the
degree that they turned out to be false. Thestsafgerrupted drivers, obligated them to
identify a source for the alert, and to subseqyertiain their driving composure. Some drivers
expressed that the combination of needless inteorupespecially with its insistent, intrusive,
sensory characteristics, was annoying.

5.5.5.6 Ease of Use — ACC

The ACC ease of use objective, similar to thatfiGW, assessed the degree to which drivers
found FCW easy to set up, understand, adjust, aadnuvarious circumstances. For reference
purposes, Appendix N — Appendix O present resat&ACC ease of use measures in a form
parallel to that used for FCW, where possible.sThcludes survey item intercorrelations,
descriptive statistics, and ANOVA results for asaly investigating potential age group
attitudinal differences. Data about drivers’ assant of the ease of use of ACC are provided in
the appendices cited. No detailed analyses akedaw due to scope limitations.
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5.5.6 Ease of Learning — FCW and ACC

The ease of learning objective assessed whetheardnivere able to learn and retain knowledge
regarding ACAS use. Ease of learning is an immbragpect of driver acceptance of vehicle
technologies, since a feature that is easy to leadnunderstand is more likely to be used
appropriately and frequently over time. This objecencompassed both the effectiveness of the
instructions and the time required to understarttitetome comfortable with its use.

5.5.6.1 FCW Statistical Findings

This section presents the results of the FCW efBlsaiming measures. It includes both
descriptive and quantitative discussion of the ectbje measures from the FOT surveys, as well
as driver anecdotes supplied during debriefingfands group sessions. Finally, a summary of
the analysis of ease of learning FCW is offered.

Correlations were calculated among the ease afilegmeasure®. The items, “How long did
it take before you became comfortable with the afi@ns of FCW?” and “How long did it take
before your understood the operations of FCW?” wgegrificantly intercorrelated in the
expected direction (see Table 5-13), suggestingdifieers who more quickly understood the
operation of FCW were also more likely to feel cortdible with the operation of FCW in less
time.

Table 5-13. Ease of Learning Sub-Objective Surveyleasure Intercorrelations
(Spearman’s rho)

Sub-objective Survey ltem
1. 2. 3.
1.Timetolearn How long did it take before you became comfortadiké
the operations of FCW? O 46 NS
1 (comfortable with FCW within 1st day) - 5
2. How long did it take before you understood the apien
of FCW? O NS

1 (understood operations of FCW within 1st day) - 5
3. Utility of instructiong/training How useful was the training video in understanding how
to use ACC and FCW? O
1 (not at all useful) 7

Note: All correlations significant gb < .05 except where denoted as nonsignificant (NS)

Table 5-14 presents descriptive statistics foraasps to each of the survey measures, broken
down by sub-objective. As responses were not awaymally distributed, measures of central
tendency, in addition to the mean and standardcatiew, are provided for each measure.

% Correlations were performed using Spearman’s rhadoparametric data.
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Table 5-14. Ease of Learning Sub-Objective Survayleasure Descriptive Statistics

Sub-objective Survey Item Mean Standard Median Mode
Deviation

Timeto learn
How long did it take before you became comforti
with the operations of FCW? 2.0 1.0 2.0 2.0
1 (comfortable with FCW within the first day) - 5

How long did it take before you understood the
operation of FCW? 1.5 0.8 1.0 1.0
1 (understood operations of FCW within 1st day) - 5

Utility of instructions/ training
How useful was the training video in understanding
how to use ACC and FCW? 6.6 0.7 7.0 7.0
1 (not at all useful) 7

As indicated previously in the methods sectiorhed teport, driver acceptance analyses were
targeted at existing differences among age grongkaage and gender groups, as appropriate.
Along those lines, Table 5-15 shows statisticatiehships between driver age group and FCW
ease of learning by sub-objective, with any sigaifit group differences noted briefly in the
rightmost “Results” column and nonsignificant fings denoted using “NS>

Table 5-15. Statistical Comparison of FCW Ease dfearning Sub-Objective Measures by
Driver Age Group

Sub- Survey Item Age Group Mean ANOVA
objective Results
Timeto learn
How long did it take before you became comfortakity the Younge 1.8
operations of FCW? Middle 2.0 NS
1 (comfortable with FCW within 1stday) -5 Older 2.1
How long did it take before you understood the opi@neof Younge 1.6
FCwW? Middle 1.3 NS

1 (understood operations of FCW within 1st day) -5 Older 1.6

Utility of instructions/ training

How useful was the training video in understanding towse Younge 6.5
ACC and FCW? Middle 6.5 NS
1 (not at all useful) 7 Older 6.7

ANOVA results of the survey items suggested thatetlrage group was not a factor with regard
to the time required to become comfortable withdperation of FCW, nor with the time needed

2L parametric ANOVA results are reported here and tifrout this report as justified in the section on Dai@lysis
(5.3.4).
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to understand FCW operation. Parallel analysesated that driver gender also did not yield
significantly different responses on any of thesasgures.

Descriptively, as it pertains to the ease of useesuitems above, it is interesting to note that
within the first day of use, 60 percent of the drvreported that they understood FCW. A
smaller percentage of the sample, 35 percent, bmcamfortable with its operation within that
same timeframe. Within 2 to 3 days, over threatgusof the sample, 76 percent, reported that
they felt comfortable using FCW, however, 3 perdedicated that they never became
comfortable with the operation of FCW, and one ypurale driver reported that he never
understood FCW. Overall, drivers felt that thdrinstional video was very useful, as 89 percent
rated this item with a score of 6 or 7.

5.5.6.2 Investigating Travel Behavior and FCW Easef Learning Measures

Follow-on analyses were conducted to see if relevbjective FCW travel behavior measures
were correlated with the ease of learning measurés. objective measures that encompassed
ACAS-enabled driving and FCW use included FCW disgatraveled (km) in valid trips and
number of alerts with FCW engaged. A significaagative correlation existed between FCW
distance traveled (km) in valid trips and the syritem, “How long did it take you before you
felt comfortable with the operations of FCW?” (¢.80,p < .05). A significant positive
correlation existed between the number of alerte WCW engaged and the same survey item (r
=.28,p < .05). These relationships suggest that thegreaerall distance traveled in FCW
mode, the more quickly a driver felt comfortablenggthe FCW system. Additionally, higher
numbers of FCW alerts, normalized for distancedied, were associated with drivers needing
more time to feel comfortable using FCW.

5.5.6.3 Debriefing and Focus Group Comments Regarmly Ease of Learning of FCW

As a result of examining the qualitative data asegifrom the debriefing and focus groups, it is
evident that ease of learning of FCW may only Bky xplained by incorporating the results of
the survey measures with anecdotal findings.

It became apparent from comments during debriefings although the vast majority of drivers
responded in the surveys that they understood bawe FCW in a short amount of time, many
did not truly comprehend how FCW functioned. Drs/evere asked during the debriefing about
their understanding of the timing of the FCW imnmihelert. Of the 49 drivers who answered
this question, 41 percent replied incorrectly,istathat changing the FCW settings altered the
timing of the imminent alert. Examining the respes by driver indicates that the frequency of
erroneous interpretations of FCW imminent aleringndecreased among the later subjects,
although it still occurred. This is most likelyesult of the fact that FOT administrators revised
their instructions to subjects during the FOT tgeasize that the imminent alert timing was
fixed. Some comments by later drivers mentioned tiis point was stressed to them, yet earlier
participants did not have the same understandinigeofystem, which may have affected overall
driver acceptance of FCW. Given that two-fifthsdakers’ responses indicated that they did not
understand how FCW imminent alerts were triggeiretlyiduals were likely to experience
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frustration resulting from the assumption that tiveye affecting the FCW imminent alert timing
by altering FCW sensitivity settings.

As a result of using the FCW system, drivers reggbenecdotes explaining in what ways they
also learned about their driving behavior. Insésnhat referred to proper spacing in between
the FOT and lead vehicles, in addition to a betteterstanding of the various stopping distances
required to be safe given different travel speadd,indications regarding how often, as drivers,
they let their attention wander were all highlightes important contributions that the FCW
system made to participants’ driving behavior. Héafticipants also described ways in which
the FCW system fostered good driving behavior imgeof learning how to use the sensitivity
settings by going through a process to find thetreogable setting for various driving

conditions and their individual driving style. Reipants also reported gaining a more complete
understanding of what FCW alert feedbacks theydcoukhould ignore and which they should
attend to.

As a final indication of the learning drivers neéde understand the full ACAS system, it was
not uncommon in the debriefings and focus groupslfivers to confuse FCW with ACC.
Typically, such errors were corrected by the experiter during a debriefing or focus group
session; however, there is at least one documeasslof a discussion that referred to FCW,
where ACC function was being described.

5.5.6.4 Summary

Most drivers reported that they learned to use,falhdomfortable using, FCW very quickly.
Driver age and gender were not related to the efdsarning measures. Travel behavior
variables were related to how long it took drivierbecome comfortable with FCW use. The
more participants drove with FCW engaged, the sothrey reported feeling comfortable using
FCW. Additionally, the more FCW alerts driverse®ed, as normalized by distance driven, the
longer it took them to feel comfortable using FCW.

Anecdotal evidence provided by drivers suggestatithis important to distinguish between
learning to use a system versus understandingensy<ebriefing comments indicated that
41% of drivers did not understand the FCW crash-imemt alert timing. This misunderstanding
could have contributed to dissatisfaction with F@&Whe extent that the system did not meet
expectations, in that some drivers were not abketdhe imminent alert timing as they believed
they could. Additionally, some drivers reportedngag an unexpected benefit from their FCW
use, as they felt that it provided them with anarpymity to learn about their driving.

5.5.6.5 Ease of Learning — ACC

The ACC ease of learning objective, similar to FG&5essed the degree to which drivers were
able to easily learn and retain knowledge regartlimg to use the ACC system. For reference
purposes, Table P-1 in Appendix P presents reguli&CC ease of learning measures in a form
parallel to that used for FCW, where possible.sThcludes survey item intercorrelations,
descriptive statistics, and ANOVA results for asaly investigating potential age group
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attitudinal difference. Data about drivers’ asssmst of the ease of learning to operate ACC are
provided in the appendices cited. No detailedyaseasl are provided due to scope limitations.

5.5.7 Driving Performance — FCW and ACC

The driving performance objective assessed to whatee, and how, drivers adjusted their
driving with respect to ACAS. Driver performanaasiderations were specified with regard to
four sub-objective’d. These included awareness, which addressed diyiance; vehicle
control inputs, to examine driver behavior withaetjto adjusting ACAS settings; and trip
patterns, to evaluate potential changes in tragkeabior associated with ACAS-enabled driving.

Changes in driving performance were expected atchesduration of the FOT, given
incremental exposure to ACAS. Initial driving oc&d with ACAS disabled and was
segmented by the independent evaluation into twioge P1 and P2 (median split of distance
traveled per driver). Subsequent ACAS-enabledmyiwas also divided into two periods (P3
and P4) using a median split of distance traveted per-driver basis. Analysis of driving
parameters given this breakdown is performed asanmof investigating changes in driving
performance associated with ACAS exposure.

5.5.7.1 FCW Statistical Findings

This section presents the results of the ACAS dg\performance measures. Driving
performance was gauged using subjective measunestfre FOT surveys, as well as objective
data from the data acquisition system (DAS) andetdranecdotes supplied during debriefing and
focus group sessions. This section concludesavhmmary of the analysis of driving
performance.

5.5.7.1.1 Awareness

Correlations were calculated for the subjective snees of the awareness sub-objectiv@able

Q-1 in Appendix Q contains the correlation matox the awareness sub-objective survey items.
The significant associations revealed that drivére, when using FCW, considered themselves
more responsive to the actions of other vehiclies, assessed themselves as more aware of their
driving situation and felt slightly more comfortaljperforming additional tasks while driving.
Additionally, drivers who felt that they did not@vrely on FCW also deemed themselves more
aware of the surrounding driving situation and mmmfortable performing additional tasks

while driving. The three items referring to mandaving were included for comparison with

the measures of awareness while driving with FCW.

Table 5-16 presents descriptive statistics foraasps to survey measures of the awareness sub-
objective. As responses were not always normadlyiduted, measures of central tendency, in
addition to the mean and standard deviation, areighed for each measure.

%2 The driving style/risk compensation sub-objective wapsed to address the possibility that driver behaviar
affected in a way that was not consistent with thdsgibe ACAS system. At present, the proposed analysis of
variables including headway distance and driver distra require an additional effort.

% Correlations were performed using Spearman’s rhadoparametric data.
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Table 5-16. Driving Performance Sub-Objective Surgy Measure Descriptive Statistics

Survey Item Mean Standard Median Mode
Deviation
Awareness
When using FCW, how responsive were you to the actibns
other vehicles around you? 6.4 0.8 7.0 7.0

1 (very unresponsive)r-

When driving manually, how responsive were you toations
of vehicles around you? 6.3 0.8 6.0 7.0
1 (very unresponsivey-

Overall, | found myself relying too much on the FGystem 2.0 1.3 1.0 1.0
1 (strongly disagree) 7

When using FCW, how aware were you of the drivingadion
(surrounding traffic, posted speed, traffic signals)#tc 6.5 0.7 7.0 7.0
1 (very unaware) 7

When driving manually, how aware were you of thigidg
situation (surrounding traffic, posted speed, traffgmais) 6.2 0.8 6.0 7.0
1 (very unaware) 7

While using FCW, please tell us the number of timesyéf,
you came close to experiencing a rear-end collision? 0.8 1.3 0.0 0.0
open-ended # response

While driving manually, please tell us the numbetimes, if
ever, you came close to experiencing a rear-endsicoi? 0.4 1.3 0.0 0.0
open-ended # response

Did you feel more comfortable performing additiotesks
while using the FCW system as compared to manual dfivin 5.2 1.3 5.0 4.0
1 (less comfortable) 7

As indicated previously in the methods sectiorhig teport, driver acceptance analyses were
targeted at differences among age groups and/caradjgender groups, as appropriate. For
reference purposes, Table 5-17 depicts statisetaionships between driver age group and
FCW driving performance, by sub-objective, withrsfgcant group differences noted briefly in
the rightmost Results column and nonsignificandifigs denoted using NS. Analysis of
variancé* was performed for Likert-type survey measures veéagstically significant,
meaningful findings that differentiated groups @\ driver performance are discussed in the
below text.

24 parametric ANOVA results are reported here and tiftout this report as justified in the section on daglysis
(5.3.4).
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Table 5-17. Statistical Comparison of FCW DrivingPerformance Sub-Objective Measures

by Driver Age Group

Sub-objective Survey Item Age Group Mean ANOVA
Results
Awareness
When using FCW, how responsive were you to the axtién O more
other vehicles around you? Younger 6.2 responsive
1 (very unresponsive) - 7 Middle 6.1 thanY and
Older 6.9 M
When driving manually, how responsive were you ahtion
of vehicles around you? Younger 6.0 NS
1 (very unresponsive)- 7 Middle 6.3
Older 6.5
Overall, | found myself relying too much on the FGWétem Younger 2.0
1 (strongly disagree) - 7 Middle 2.2 NS
Older 1.9
When using FCW, how aware were you of the drivitgagion O more
(surrounding traffic, posted speed, traffic signals)#tc Younger 6.2
) aware than
1 (very unaware) - 7 Middle 6.3 Y and M
Older 6.9
When driving manually, how aware were you of thigidg
situation (surrounding traffic, posted speed, traffgmais) Younger 6.0 NS
1 (very unaware) - 7 Middle 6.1
Older 6.5
While using FCW, please tell us the number of timfesyeér,
you came close to experiencing a rear-end collision? Younger 1.1 NS
open-ended # response Middle 0.9
Older 0.5
While driving manually, please tell us the numbetimes, if
ever, you came close to experiencing a rear-endsicoi? Younger 0.5 NS
open-ended # response Middle 0.6
Older 0.1
Did you feel more comfortable performing additibtasks
while using the FCW system as compared to manual dfivin ~ Younger 5.0 NS

1 (less comfortable) - 7 Middle 5.0
Older 5.5

The awareness sub-objective addressed driver resgoress to the actions of surrounding
vehicles in cases of FCW and also manual drivingooth situations, overall mean responses
suggested that drivers felt quite responsive anskcnces on this measure fell below the scale
midpoint (see Figure 5-65). When driving using FC3& percent of the sample rated
themselves toward the “very responsive” end ofr#ttimg scale (score of 6 or 7). Similarly, 85
percent of drivers responded with scores of 6 for manual driving.
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Figure 5-65. “How Responsive Were You to the Actits of Other Vehicles Around You?”
Using FCW and During Manual Driving

Figure 5-66 depicts the distribution of scores sigdificant differences among age groups
regarding responsiveness to surrounding vehiclele wking FCW. Older drivers rated
themselves as significantly more responsive tatitions of other vehicles than the younger or
middle-age groupd(2, 63) = 9.02p < .01). The means for the three age groups weae the
positive end of the scale; the average score ®opltier driver age group was 6.9, middle-age
drivers, 6.1, and younger drivers, 6.2.

100
90 ~
80

70 59 64 @ Younger
68 M 26 | | m Middle
> B6 | |OoWder

40 —
30 2
20 —
10 - 000 000 000 00 ~
0 1

T T T T 1

Percent

l=very 2 3 4 5 6 7 =very

unresponsive ] responsive
Rating

Figure 5-66. “When Using FCW, How Responsive Wer¥ou to the Actions of Other
Vehicles Around You?” by Driver Age Group
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Drivers rated how aware they felt driving with FGAWd manually, as shown in Figure 5-67.
Mean responses to the two parallel items were ammit that drivers regarded themselves as
quite aware in both driving conditions and no resas fell below the scale midpoint.
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Figure 5-67. “...How Aware Were You of the Driving $tuation...?” Using FCW and
During Manual Driving?

As illustrated in Figure 5-68, among age groupdeodrivers considered themselves to be
significantly more aware of the traffic situatiosimg FCW, compared to younger and middle-
age driversK(2, 63) = 7.93p < .01). The mean score on this measure for tther alriver age
group was 6.9, compared to a mean of 6.3 for theli®iage group and 6.2 for the younger
driver age group.
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Figure 5-68. “When Using FCW, How Aware Were You bthe Driving Situation?” by
Driver Age Group
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Figure 5-69 shows the percent distribution of resjes to parallel survey items asking drivers to
estimate the number of times they felt that theyeaear to experiencing a rear-end collision
driving with FCW and also when driving manuallysibg FCW, the mean number of reported
near rear-end collisions was 0.84 (SD = 1.3), caeghto a mean of 0.41 (SD = 1.3) for manual
driving. Age differences were nonsignificant, lugre inversely related; the younger driver age
group reported a mean of 1.1 near-collisions, coetpto 0.9 for the middle-age group and 0.5
for the older age group.

100
90 T80
80
70 -

60
|
50 | FCW

40 - B Manua

Percent

30 - 24
20 + :

10 60 °2 So—00 to 0
0 ‘I:l ‘l_l—‘IZI —_ -
3

0 1 2 4 5 6 7

Number of Times Came Close

Figure 5-69. Estimated Number of Times Drivers Cam Close to Experiencing a Rear-End
Collision Using FCW and During Manual Driving

Finally, while there was no significant differenoeresponses by age group to the item assessing
the degree to which drivers found themselves rglygm much on the FCW system, it is
interesting to note that the sample as a wholayfete strongly that they did not over-rely on
FCW (mean score = 2.0; 1 = strongly disagree — 7).

5.5.7.1.2 Vehicle Control Inputs

Another aspect of driver performance is the maippaoh of vehicle controls that were associated
with ACAS. For example, frequency of use of theMHpbsition adjustment and brightness
controls, in addition to frequency of manipulat@iFCW sensitivity settings were obtained

from the DAS in the FOT vehicle.

HUD Position Adjustments

As illustrated in Figure 5-70, the mean numberadifion adjustments to the HUD per 1,000 km
decreased over time during ACAS-enabled drivingllapsing across light and dark driving,
comparing P3 and P4, HUD adjustments per 1,000r&weled decreased from 6.5t0 1.5. A
comparison of P3 and P4 driving in conjunction withe of day evidenced that the frequency of
adjustments made during daylight decreased 80 mierebile adjustments during darkness
decreased 78 percent. During ACAS-enabled P3rdyjwndividuals tended to adjust the HUD
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position nearly twice as frequently while drivingréght, compared to day, and maintained the
day-night differential in P4.
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Figure 5-70. HUD Position Adjustments per 1,000 KnTraveled by FOT Segment and
Time of Day

Figure 5-71 and Figure 5-72 show that during P3Rdhdiriving and light and dark periods, older
and female drivers appeared more likely to adjustHUD position. For each category of
drivers, proportionally, the largest decrease inCHhbsition manipulation occurred for driving

in the dark. Older drivers made 24.8 changesdad+tD position per 1,000 km driven in
darkness, whereas the incidence decreased to P4 in
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Figure 5-71. HUD Position Adjustments per 1,000 KnTraveled by FOT Segment and
Time of Day by Driver Age Group
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As depicted in Figure 5-72, female drivers alsokedly reduced the number of changes they
made to the position of the HUD, particularly whilleving in darkness, from 16 to 3.6 per 1,000
km traveled.
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Figure 5-72. HUD Position Adjustments per 1,000 KnTraveled by FOT Segment and
Time of Day by Gender

HUD Brightness Adjustments

As illustrated in Figure 5-73, descriptive compansndicates that HUD brightness adjustments
were made more frequently during night driving tldaming the day and that the mean number
of manipulations to HUD brightness settings deadaser time during ACAS-enabled driving.
Overall, per 1,000 km, drivers made an averaged trightness adjustments in P3, evidencing
a reduction in frequency to 11 in P4, a 28 perdestease. The frequency of brightness
adjustments made during day and night driving ffeé®to P4 also decreased. The daytime rate
of brightness adjustment decreased from 12.5 ta®dthe nighttime brightness adjustments
decreased from 23.3 to 17 per 1,000 km.
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Figure 5-73. HUD Brightness Adjustments by FOT Paod and Time of Day

Brightness adjustments by time of day and FOT segjane further broken down by gender in
Figure 5-74. Descriptive comparison evidencesfiratle drivers adjusted the HUD brightness
controls more frequently per 1,000 km for all segteeexamined, with the exception of daytime

driving in P3.
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Figure 5-74. HUD Brightness Adjustment by FOT Ped, Time of Day, and Gender

FCW Sensitivity Setting Adjustments

FCW provided six sensitivity settings, with settihgS1) representing the least sensitive setting
and S6 the most sensitive setting. In S1, theaaary icons were suppressed altogether,
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providing only the imminent alerts (for additiorgs®tail, see General Motors Corporation, 2005).
By contrast, S6 was most sensitive, where iconagdthin size and color as the distance to the

lead vehicle decreased, culminating in an immirekitory alert. The ACAS vehicle was set at

S4 by default when the driver received the car.

During the twenty days of ACAS-enabled driving,tpapants adjusted the FCW sensitivity
settings frequently, an average of 10 times permpaayl, 000 km. Descriptive comparison of
“all” FCW sensitivity-setting adjustments per 1,000 in Figure 5-75 indicates that the overall
number of adjustments decreased 42 percent betA®&and P4, where younger and older
drivers made the most frequent adjustments in B8ewlder drivers made the most changes in
P4. The most marked reduction between P3 and B4orgounger drivers, at 52 percent. As
illustrated in Figure 5-75, when considering roguet during both P3 and P4, drivers made
approximately four times as many changes to FCVEigeity settings on arterial roads
compared to highway driving.
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Figure 5-75. Changes to Sensitivity Settings by FIOPeriod and Road Type

In Figure 5-76, the percent distribution of kilomet driven by setting during P3 and P4 depicts
how drivers allocated their preferred sensitivjtisigs over the duration of the FOT. In P3, the
two most sensitive settings accounted for slighittyre than one third, 35 percent of km traveled,
compared to 28 percent in P4. Similarly, the teast sensitive settings, S1 and S2, accounted
for 30 percent of km traveled in P3 and increasgdst over one third of travel distances, 34
percent, in P4.
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Figure 5-76. Percent Distribution of Km Driven byFCW Sensitivity Settings and FOT

Period

With regard to gender, Figure 5-77 illustrates tis#t patterns for each of the sensitivity settings
were similar for both men and women. Over time,téndency was to move away from the
most sensitive setting, S6. Additionally, thereswaaslight increase in the use of S2 and S4
across P3 and P4 by both men and women, with wamredarring this setting over men in
general. Further, whereas men sharply decreaseadude of S1, women did not alter their use
of this setting over time.
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Figure 5-77. Percent Distribution of Km Driven byFCW Sensitivity Settings, FOT Period
and Gender

In Figure 5-78, the percent distribution of kilomet traveled using each sensitivity setting is
presented descriptively for age groups and ovdyglEOT period. Older drivers drove a mean
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of 41 percent of their travel distances during ®3$6, reducing travel in this setting to 34
percent for P4. Similarly, middle-age drivers reeldi the percent of their driving in setting 6
from 23 percent to 16 percent; younger drivers @vigd the largest reduction, dropping to 12
percent from 22 percent. For the least sensigtng, S1, younger drivers drove the greatest
percentage of their P3 travel distances in thigsnggtat 29 percent. There was a slight reduction
to 26 percent for P4. In contrast, older drivargly used this setting, a mere 3 percent of their
travel over P3 and only 4 percent in P4. Middle-dgvers reduced their use of S1 from 26
percent to 21 percent over the FOT duration.
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Figure 5-78. Percent Distribution of Km Driven for FCW Sensitivity Settings by FOT
Period and Age Group

5.5.7.1.3 Trip Patterns

Patterns of travel were examined to evaluate clsagsociated with the availability of ACAS
during the twenty days it was available. Figurédeompares the percent distribution of
distance traveled by age and gender groups fdirtteewhen ACAS was disabled (P1 and P2)
with the time when ACAS was enabled (P3 and P4jerd@ is not a large amount of variability
overall, however, older males traveled a greatergret of FOT distances in the ACAS-disabled
period, while older females traveled a larger petroé the distance during ACAS-enabled
driving.

5-95



100 -
90
80
70
60 B P1-P?
50
40- B P3-P4

30 - 23 20
17 17
20 16

1615 1616 1415
R RERE
O _

Younger Younger Middle Midde Older  Older
Males Females Males Females Males Females

Percent Km Driven

Gender/Aae Grour
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Additionally, Table 5-18 compares the mean numlbéris per day and distance traveled per
day by driver and ACAS-disabled versus ACAS-enabledods. No differences resulted in the
mean number of trips or distance traveled per dayguACAS as compared to ACAS-disabled
driving.

Table 5-18. Number of Valid Trips and Distance (K per Day ACAS-Disabled Versus

Enabled
Distance (km) /day/driver Trips
ACAS disabled (P1+P2) 91.5 4.8
ACAS enabled (P3+P4) 92.0 4.6

5.5.7.2 Investigating Travel Behavior and FCW Drivhg Performance Measures

Travel behavior was significantly intercorrelatehathe measure of driving performance that
assessed the degree to which drivers felt comflerfadrforming additional tasks while using the
FCW system as compared to manual driving (r = $26,05). This suggests that drivers who
received more FCW imminent alerts were less coralibet performing additional tasks while
driving, and may have been related to concerngdeggareceiving additional alerts or a need to
respond to alerts.

5.5.7.3 Debriefing and Focus Group Comments Regamtj Driving Performance with
FCW

Drivers made comments when they were asked dughgefings to describe situations in which
they came close to having a rear-end collisioneiftomments suggest that they became more
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aware of threats due to FCW. In many of these cents) drivers described the utility of FCW,
most typically in terms of gaining their attentimhen they were distracted.

Although the duration of the FOT was not long erfot@establish if FCW use changed drivers’
behavior, a comment made during one of the focospy suggests that this occurred.

5.5.7.4 Summary

Survey responses indicated that drivers felt vesponsive to, and aware of, traffic when they
used FCW. This may have been attributed to theR@ZW operates, in that it explicitly called
their attention to potential threats. Among the ggoups, older drivers rated themselves as
more responsive and aware than the younger andevéde drivers. On the other hand,
participants did not describe themselves as relpognuch on the FCW system.

On average, drivers estimated they came closeteerad collisions 0.84 times using FCW,
compared to an estimated incidence of 0.41 whesindrthe FOT vehicle in the ACAS-
disabled, or manual, mode. The increased estifoatbe incidence of close calls may, in part,
be related to increased awareness of traffic arekperimentation with the FCW system. In
neither ACAS-enabled, nor -disabled driving, di@ agoup differentiate responses to these
survey items.

Particularly when first experiencing the FCW systenivers made more frequent adjustments to
the HUD interface. The incidence of adjustmenpetad off during the three weeks of ACAS-
enabled driving. On a descriptive basis, it wad@awed that older and female drivers appeared
to adjust the vehicle controls most frequently.ddnally, time of day appeared to be a factor
with regard to variations in frequency of HUD manigtions, in that drivers made more
adjustments to the HUD position and brightness wtheg drove in the dark. Factors such as an
individual's height and eyesight may have contmouto the occurrence of these adjustments.
Drivers also made frequent changes to the FCW teatssettings, however this activity
decreased markedly over time, as participants be@atustomed to driving with the activated
system. It also appeared as though drivers asupgnigrated away from the least and most
sensitive settings over the duration of the FQitidlly, older drivers selected the most sensitive
setting with the greatest frequency, and while@ekese was evidenced over time, the trend
toward driving in S6 was nevertheless maintaineld4n

Driver comments suggested that they often felt tthey became more aware of traffic threats
while using FCW. In cases where individuals realithat they were not sufficiently attentive to
the driving task, they tended to express appretiatiith regard to the FCW alert. In addition,
some drivers viewed FCW providing feedback on #fety of their driving practices, enabling
them to learn more about and improve their driving.

5.5.7.5 Driving Performance — ACC

The ACC driving performance objective, similar bat for FCW, assessed to what degree, and
how, drivers adjusted their driving with respecAGC. Driver performance considerations
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were specified with regard to four sub-objecti¥esThese included awareness, which addressed
driver vigilance; vehicle control inputs, to examidriver behavior with regard to adjusting ACC
settings; and trip patterns, to evaluate potenhahges in travel behavior associated with
ACAS-enabled driving. For reference purposes, AgpeR — Appendix T present results for
ACC driving performance measures in a form paratiehat used for FCW, where possible.

This includes survey item intercorrelations, dgsore statistics, and ANOVA results for
analyses investigating potential age group attitaldilifferences. Additionally, Appendix U
presents figures that support the vehicle contqoliis and trip patterns sub-objectives. Data
about drivers’ assessment of their driving perfarogawith ACC are provided in the appendices
cited. No detailed analyses are provided duedpestimitations.

5.6 CONCLUSIONS

This chapter assesses the subjective opinions dfga@ticipants with regard to overall
acceptance of ACAS and its system components: RG\W greater extent, and ACC. Because
there is no recognized approach to driver acceptahe independent evaluation developed a
framework, building on previous research, to gufdedriver acceptance analyses. The five
objectives of this framework structured the drigeceptance assessment.

5.6.1 Advocacy

Most generally, analysis of the advocacy surveg daggested that driver attitudes, overall,
regarding acceptance of the ACC system were pesitnd that those regarding FCW were
somewhat less so. However, it is important to mrghat there was often variability in
responses that was masked by summary statisticsa@nd out in analyses investigating age
group differences, in particular.

While the majority of drivers reported moderatebsiive attitudes toward FCW, anywhere

from 14 percent - 36 percent of younger and mid@dje-drivers expressed negative opinions
regarding their intent to purchase FCW. Oldera@hswvere more likely to consider purchase, on
average, than younger drivers. However, it isveaaie to note that older drivers made
significantly greater use of the ACC system, wisehved to reduce the number of imminent
alerts received, and in turn may have an impadcttiudes.

Drivers’ reported experiences with FCW alerts appe#o be associated with attitudes regarding
the system, as expressed in focus groups and dieimgefings. For instance, imminent FCW
alerts that served to refocus the driver on thd,roaalerted him/her to “actual” perceived
threats, tended to garner positive regard for yiseesn. Additionally, the subset of drivers who
experienced situations where they rated at ledsohtheir FCW alerts as useful tended to be
more consistently positive with regard to their egof advocacy. However, participants did
express concern regarding possible reactions ftbwer arivers if, based on an alert, they
responded to something not typically viewed aseatt

% The driving style/risk compensation sub-objective wapsed to address the possibility that driver behavisr
affected in a way that was not consistent with thdsgiee ACAS system. At present, the proposed analysis of
variables including headway distance and driver a@ision require an additional effort.
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Driver acceptance of ACC, as indicated by the adepsurvey measures, is best reflected in the
dearth of negative Driver Acceptance Scale scofdihough drivers varied in the extent of their
advocacy regarding ACC, responses were overak guositive. A main concern expressed
during focus groups and debriefings pertained tw bther drivers might react to a vehicle
exhibiting unexpected deceleration, acceleratiad/@ activated brake lights in the midst of

free flowing expressway traffic. Participants weamcerned about how to warn other drivers
about non-normative or unexpected vehicle actiemsn to the point of suggesting placing a
placard on the FOT vehicle’s roof.

A head-to-head comparison of driver acceptancedegpaFCW and ACC is inequitable and
should be guarded against. ACC is best class#fgean “incremental” innovation, building on
the familiarity that most drivers now have with CG€used when convenient, and at the
driver’'s discretion. However, FCW, as a “preveatiinnovation, is less familiar, unable to be
deactivated and, given the relative rarity of gidins it may mitigate, called on only

infrequently. Rodgers (1995) noted that preventivevations, such as FCW, are more difficult
to introduce because the time scale required iardadsee benefits is much longer as compared
to innovations that are considered incremental.

5.6.2 Perceived Value

Drivers offered generally positive ratings pertagito FCW safety and understandability. The
more alerts drivers received, the less comforttigg felt performing additional tasks.
Anecdotally, drivers who received imminent alertsilev distracted appeared to recognize the
benefits of such a system. With regard to ACC,susss of perceived value were consistently
positive. Among the age groups, older drivers ¢ehitd be more positive in their attitudes
concerning the predictability, distraction, andetafassociated with using ACC. Itis
challenging to ask drivers if a system such as AlOmprove their safety because drivers
identify themselves as safe drivers prior to adggienhancements such as ACC.

5.6.3 Ease Of Use

Drivers rated the ACAS implementation easy to usieims of its settings and controls. They
reacted positively to the HUD and its display af F#FCW and ACC visual elements. Their
suggestions to improve ACAS included the followirgducing the number of false alarms,
simplifying the visual display and refining the oppalette and icons, improving FCW'’s
reliability (including during bad weather condit&)nproviding user-adjustable options, such as
an on-off switch and adjustments by traffic state] altering the imminent alert timing.

When drivers received FCW alerts that were notulsebnsidered false, or called their attention
to obvious and expected actions of other vehithes; tended to express less positive opinions.
In particular, drivers did not like to receive whiagy viewed as “unnecessary” FCW crash-
imminent alerts and were especially annoyed whew téceived alerts triggered by stationary
objects on the side of the road or for no obvi@ason. False imminent alerts were viewed as
more annoying if they occurred repeatedly. Som& p@rticipants drove the same roads every
day and expressed annoyance at receiving recualsg alerts from the same non-threatening
objects. Middle-age and younger drivers were nlikedy to report this type of annoyance due
to their work trips.
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FCW false alerts deemed to have been triggereatbighb inanimate sources tended to
undermine the credibility of FCW. This outcomeansistent with research on trust in
automation. Madhavan (2003) reported that if aomated aid makes errors on easy tasks,
people are less willing to trust and rely on itrtlzan aid that makes errors on difficult tasks and
performs easy ones reliably. One driver used theWolf” analogy to describe his reaction to
repeated false alerts, while agreeing that, ovef&@lW had safety benefits.

5.6.4 Ease of Learning

Although drivers rated FCW as easy to learn toimseshort amount of time, many did not
appear to understand how it worked, as was evidemt remarks made during focus groups and
debriefings. For instance, when asked during #ieidfing whether changing the sensitivity
settings affected the timing of crash-imminenttaletl percent of the drivers responded that
manipulating the FCW sensitivity settings alterleel imminent alert timing, which, in reality,
was fixed.

Misunderstanding turned to frustration when driveitempted to purposefully trigger an
imminent FCW alert and were not able to do sothénprocess, individuals sometimes pushed
themselves to close the distance gap to the vehidad, without realizing that relative velocity
was also a factor. Consequently, some drivers wecertain about exactly what activated their
FCW alerts. They felt that the system alertedlab®, because their ineffective attempts at
testing FCW resulted in their vehicle ending up ¢tmse to the lead vehicle for their own
comfort. The assumption made by some drivers,RBA&V alerted based solely on distance to
the vehicle ahead, may have been inadvertentlyartally fostered by the system’s visual
representation of distance to the lead vehiclet afswaves that some drivers referred to as “car
lengths.”

Nevertheless, many drivers volunteered that us@g/fhelped them to learn about their driving
and reinforce good habits. Drivers realized tH2¥\Fwas intended to mitigate driving risks that,
on an individual basis, occur infrequently. Asault, when asked, drivers tended to identify
feedback about their driving as a safety benefit.

5.6.5 Driving Performance

Drivers adjusted FCW controls fairly frequentlyrgoaularly when they first interacted with the
system; however, the incidence of adjustments éabeif during the three weeks of ACAS-
enabled driving, indicating a learning effect. €iwf day appeared to be a factor, in that more
frequent HUD adjustments were made during nightirigt

Drivers evaluated themselves as more responsiantbaware of, traffic when they used FCW.
This may be attributed to the way FCW operates, @gplicitly called their attention to potential
threats. However, drivers did not describe theweseas relying too much on FCW. Comments
provided during focus groups and debriefings algmpsrted the notion that drivers were not
over-reliant, rather that their awareness of teafireats increased when FCW was operating.
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In conclusion, driver acceptance findings suggesba@d response to the FCW system by FOT
participants as a group. The data indicate thagnaAFCW alerted drivers to actual threats, their
opinion of the FCW system was more positive. Haosvedrivers did not experience many
actual threats. The more tentative opinions mayltérom receiving false alerts that were
deemed excessive and/or recurring. In generaledriviewed ACC very positively, despite
expressing concerns about its ungainly acceleratmahbraking, as well as some degree of
uncertainty about brake light activation.
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6. CONCLUSIONS

The ACAS FOT program was overall successful indng a production-intent rear-end crash
avoidance system on-board a passenger vehicles. sysiem integrated state-of-the-art
technologies that performed FCW and ACC functiolimsaddition, this program produced a
reliable small fleet of ACAS-equipped vehicles thatre used by lay people in an FOT as their
own personal cars to experience ACAS functions uddierent naturalistic driving conditions.
Given the scope of the program in terms of its tioinaand size of the vehicle fleet, the FOT was
also successful in building a knowledge base abiower performance with and without ACAS
assistance from 97 percent of the distance traviledg the FOT and about drivers’ opinions of
the ACAS. Based on FOT and system characterizédgtrdata, the independent evaluation was
able to delineate the strengths and limitation8©@AS capability, gauge driver acceptance, and
assess its safety impact. The FOT provided adppbrtunity to obtain real world feedback

from drivers about their tolerance of nuisance fagk crash-imminent alerts. Moreover, both
positive and negative safety consequences of AC#ESnere highlighted. Indicators of positive
safety impact outweighed those of negative safapact. The independent evaluation was
somewhat successful in projecting potential sdbetyefits of ACAS by combining FOT data
with national crash statistics, which were consgdiby short-term use of ACAS by relatively
few subjects. Main results of the independentuatadn are reiterated below, followed by
general comments reflecting on past and future F@Tsash avoidance systems.

6.1 MAIN RESULTS
6.1.1 Exposure

A total of 66 subjects drove about 163,000 km dyithe FOT. Each subject had an
instrumented vehicle for a period of four weeks:A8was disabled during the first week and
later enabled for the following three weeks. Ab®utpercent of the total VDT or 158,000 km
reflected valid trip data used in evaluation anadys

» The ACAS-Disabled and ACAS-Enabled test periodsmigad respectively 23 percent
(36,000 km) and 77 percent (122,000 km) of thaltedlid VDT.

+ CCC was engaged in 21 percent (7,000 km) of VDIhenACAS-Disabled test period. On
the other hand, ACC was engaged in 36 percent@4h) of VDT in the ACAS-Enabled
test period, thus, ACC use was about 1.8 times ithare CCC. FCW was active in 53
percent (64,000 km) of VDT in the ACAS-Enabled testiod.

» Older subjects drove the most distance in bothpesbds: 36 percent of VDT in ACAS-
Disabled test period and 38 percent of VDT in ACBSabled test period. Moreover, older
subjects were the highest users of cruise corfopercent of their ACAS-Disabled VDT
and 51 percent of their ACAS-Enabled VDT was in AQdowever, the largest ACC to
CCC use ratio was observed at 2.6 for younger stshje

» About 84 percent and 87 percent of VDT, respectivalthe ACAS-Disabled and ACAS-
Enabled test periods were accumulated at vehiéedspgreater than or equal to 35 mph.
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CCC use comprised 24 percent of the ACAS-DisablBd ¥t that speed range, while ACC
use accounted for 42 percent of the ACAS-Enabled Wthe same speed range. CCC or
ACC use was only 1 percent of the VDT at vehicleegfs below 35 mph.

About 51 percent and 55 percent of VDT respectiueljpe ACAS-Disabled and ACAS-
Enabled test periods were driven on freeways. @€&comprised 33 percent of the ACAS-
Disabled VDT on freeways, while ACC use accountedbb percent of the ACAS-Enabled
VDT on freeways. On non-freeways, CCC and ACC adsep respectively 6 percent and
12 percent of VDT.

Over 90 percent of the VDT was driven in clear weatduring the FOT. CCC was used in
15 percent of the adverse weather VDT in the ACASabled test period, as opposed to 20
percent of this VDT by ACC in the ACAS-Enabled tpstiod. FCW was active in 52
percent of the VDT in clear weather and arose tpéi8ent of the VDT in adverse weather
due to lower engagement rate of ACC.

Over 73 percent of the VDT was driven in lightedditions during the FOT. There was no
noticeable change in CCC use rate between lightddlark conditions20%). There was
a slight reduction in ACC use rate from 37 peradn{DT in lighted conditions to 32
percent of VDT in dark conditions. As a result,W@ctive rate was slightly higher in dark
conditions than in lighted conditions.

About 67 percent of the VDT in the ACAS-Disabledttperiod was driven in low level of
traffic, which was similar to the ACAS-Enabled tpstiod (68%). CCC use rate dropped
from 23 percent of the VDT in low traffic to 13 pent of the VDT in moderate traffic. On
the other hand, ACC use rate fell from 40 percer®( percent of the VDT respectively in
low and moderate traffic levels. Consequently, F&@Mive rate jumped from 51 percent to
60 percent of the VDT respectively in low and medertraffic levels.

The most sensitive FCW sensitivity setting, S6, selected in 24 percent of the overall
VDT in the ACAS-Enabled test period. Setting StBofeed at 22 percent of the VDT. The
least sensitive setting, S1, was ranked third giekBent of the VDT. During the second half
of the VDT in the ACAS-Enabled test period, S3 lmeedahe most widely selected setting
and S6 dropped to second.

The 2-second time gap was the most chosen ACCegtaipgs accounting for 31 percent of
the overall VDT driven with ACC, followed in desai#ng order by 1.4- and 1-second gap
settings. During the second half of the VDT in &@AS-Enabled test period, the same
order of gap settings remained except for a lowerrate of 2-second time gap. Finally,
FOT subjects tended to use higher ACC gap settingsn-freeways than on freeways.

6.1.2 System Capability

The analysis of 8-second video episodes triggeydtidoauditory crash-imminent alerts revealed
the following:

Subjects received 6.2 crash-imminent alerts péQLkdn traveled overall during the FOT.
However, this alert rate was 21.8 crash-imminearttalper 1,000 km traveled when subjects
were driving at vehicle speeds between 25 and 3 mp

In-path targets triggered 3.5 crash-imminent aleets1,000 km traveled. The majority of
these alerts, or 3.4 alerts per 1,000 Km, wasbatid to moving targets. Stationary vehicles
triggered 14 alerts or 2.6 percent of all in-pattgét alerts — 2 of these were declared by the
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target selection algorithm as seen moving pri@tépping. About 0.4 crash-imminent alert
per 1,000 km traveled was issued for moving in-pathets due to host vehicle changing
lanes, turning, or passing behind an in-path movatgcle. In contrast, about 1.5 moving
in-path target alerts per 1,000 km traveled wetesed by a lead vehicle changing lanes,
turning, or making left turn across the path ofllest vehicle.

Out-of-path targets caused 2.7 crash-imminentsapet 1,000 km traveled. The majority of
these alerts, or 2.3 alerts per 1,000 km travelede due to stationary targets. About 75
percent of these stationary out-of-path alerts wecuat vehicle speeds over 35 mph.

In response to crash-imminent alerts for in-patbets during the ACAS-Enabled test
period, subjects did nothing or simply eased ugherthrottle in close to 40 percent of the
episodes. Subjects braked in about 55 percehieodépisodes. About 55 percent of the
subjects had an average reaction time of 0.5 ssooni@ss after an in-path target alert. This
suggests that subjects were attentive or were dbaaspond to the situation ahead when
they received the crash-imminent alerts.

The driver appeared to be distracted, within 5 sdsdoefore the crash-imminent alert, in 38
percent of all alert episodes based on an analysexorded facial images.

Driver eyes were away from the road ahead foraat|@.5 seconds before the crash-
imminent alert in 3 percent of all alert episodes.

Based on the judgment of the independent evalua®Tf, subjects received about 1.8 “true”
alerts per 10,000 km traveled for a potential integ rear-end collision.

The independent evaluator conducted a 7-hour systamacterization test to supplement the
FOT data, which yielded the following general résul

The forward-looking sensor suite was late in datgct7 percent of the in-path targets,
intermittently detected 28 percent of the targets] lost detection of 22 percent of the targets
on curves with radius below 500 m. In contrasgyeéadetection loss was about 8 percent of
all in-path targets on curves with radius over BQ0Also on these curves, late detection and
intermittent detection rates were estimated respaygtat 14 percent and 24 percent of all in-
path targets. It should be noted that late detectlefined here by a speed-independent
100/70 m criterion) does not necessarily implyrats in warning availability for these
targets.

The threat assessment algorithm, correctly, didgeaerate crash-imminent alerts for 98
percent of the stationary out-of-path targets am®9.5 percent of driving situations where
the lead vehicle is traveling on a curve in theaadnt lane. Also, the system did not generate
crash-imminent alerts for 98 percent of the cadesnwhe host vehicle passed another
vehicle or changed lanes and when the lead vehioded ahead. Overhead bridges or signs
were all rejected by the system during the charaeigon test.

The median time delay for ACC to release the ausdds after the lead vehicle is no longer
a threat (range rate0) was about 2 seconds.
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6.1.3 Safety Impact

The analysis of safety impact focused on ACAS astmgrated package of FCW and ACC, and
did not attempt to separate ACC and FCW effectalmse the two functions were coupled in the
FOT vehicle and will typically be bundled togetleproduction vehicles. Separate analyses of
FCW and ACC functions were conducted by UMTRI arMd ®MTRI and GM, 2005).

6.1.3.1 Driving Conflict Analysis

Impact of New Vehicle Familiarity and ACAS Expentagon

Period 2 (second half of VDT with ACAS disabled}sisdightly higher conflict exposure
rates than Period 1 (first half of VDT with ACASsdbled); however, it was concluded that
Periods 1 and 2 are sufficiently similar that tsapuld be combined for analyses of driver
exposure to conflicts. The slightly higher rate$eriod 2 are attributed to increased
familiarization with the ACAS vehicle resulting less conservative driving behavior.
Period 3 (first half of VDT with ACAS enabled) shew consistent greater exposure to
conflicts than Period 4 (second half of VDT with AS enabled) between all driver and
conflict-level categories. These results stromgtiicate that drivers’ behavior changed
between Periods 3 and 4. The change may be a#dilbo a combination of driver learning
and experimentation with ACAS. Based on theseltedReriod 3 was not considered
representative of long-term driving behavior ang wat included in analyses of driver
exposure to conflicts.

Impact of ACAS on Driver Exposure to Conflicts

The effect of ACAS is to shift the distribution odnflict rates among all drivers to a lower
average; e.g., no subjects with ACAS enabled hates greater than 70 conflicts per 100
Km; whereas, 5 percent of subjects with ACAS diedllave rates greater than 70 conflicts
per 100 Km.
The results indicate that use of ACAS will redugpasure to conflicts for drivers overall
under the following conditions:

- Light

- Freeways

— Clear weather

— Moderate traffic

— Speeds greater than or equal to 35 mph
ACAS also appears to have some ability to redupesxre to conflicts in conditions of dark,
non-freeways, adverse weather, and low and heafficttevels; however, the results are not
reliable.
The results also suggest that that ACAS has aityatailreduce conflict exposure for a wide
range of traffic levels; however, this ability migtecline at higher traffic levels.
At speeds less than 25 mph, ACAS is essentiallstiva and has no impact on exposure to
conflicts.
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ACAS Effectiveness in Reducing Exposure to Canfliased on Aggreqgate Data

* The exposure effectiveness (EE) results indicaeAICAS is about 21 percent effective in
reducing the exposure of drivers to rear-end pasfcconflicts for all drivers and driving
conditions. This overall exposure effectivenes8©GAS is consistent regardless of the
conflict intensity level metric used.

* The EE of ACAS is positive for the different agegps. Using low-intensity conflicts as the
metric for EE, the following results were obtained:

— EE is highest amonigmale(30%) andlder (27%) drivers

— EE is lowest amonmale(12%) drivers

— EE increases with age group frgrmunger(14%) tomiddle-age(23%) toolder
(27%) drivers

» The EE of ACAS is positive for the different drigrmonditions of ambient light, road type,
weather, and traffic level fall drivers. Again, using low-intensity conflicts @ metric
for EE forall drivers, the following results were obtained:

— EE for light (24%) and dark (11%)

— EE for freeways (25%) and non-freeways (7%)

— EE for clear (21%) and adverse (19%) weather

— EE for low (17%), moderate (19%), and heavy (12%ifit levels

* The analysis of exposure to conflicts by vehicleexprevealed that the EE of ACAS was
positive only for speeds at and above 35 mph (25Phe speed analysis concluded that the
results for speeds less than 25 mph are not apfdita ACAS since the system essentially
does not function at these speeds. It was alscwded that FCW has negligible EE for
speeds between 25 mph and 35 mph. However, fedspe 35 mph and above, ACC
appears to have a substantial level of EE. Freelngiyng seems to be the environment
where ACAS has the highest level of EE.

» The following combinations of subject group and/ohg) condition produced EE values, for
all conflict intensity levels, that varied considbly from the general results:

— Youngerdrivers have higher EE values for dark conditifeg., 20% for low-
intensity conflicts).
— Olderdrivers have lower EE values for freeway driviegy(, 2% for low-intensity
conflicts).
— Youngerdrivers have lower, negative EE values for noeviray driving (e.g., -10%
for low-intensity conflicts).
— Olderandyoungerdrivers have atypically low EE values for adversaditions (e.qg.,
14% forolder drivers and -19% foyoungerdrivers for low-intensity conflicts).
— Middle-agedrivers have higher EE values for adverse conasti@.g., 45% for low-
intensity conflicts).
— Youngerdrivers have atypically low, negative EE valuesdnving in heavy traffic
(e.g., -15% for low-intensity conflicts).
The above considerations suggest that the unussialts obtained for some subject groups
and conditions might be explained, at least in,ggrlimitations in the data. The results for
particular subject groups and conditions shoulerdfore, be interpreted with some caution.
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ACAS Effectiveness in Reducing Exposure to Canfliased on Driver Average Statistics

For all driving conditionsthe highest EE is 14 percent for low-intensityftiots and the
lowest EE value is 8 percent for high-intensitymeashes. There is no statistically
significant difference in these values, howevene§e EE values, based on driver averages,
are consistently lower than the corresponding paipn average value of about 21 percent.
There is no consistency in the variation of EE bgflict intensity level for the various
conditions investigated. For all the conditionagidered, the EE values are positive and
range between a minimum and maximum value by adgnfitensity level as follows:
— Light — min. 8 percent, high-intensity near-crastmeax. 14 percent, low-intensity
conflicts
— Freeways — min. 12 percent, low-intensity conflict&x. 22 percent, high-intensity
near-crashes
— Clear — min. 11 percent, high-intensity near-crasheax. 13 percent, low-intensity
conflicts
— Moderate traffic — min. 14 percent, low-intensigndicts; max. 16 percent, high-
intensity near-crashes
— Speeds greater than or equal to 35 mph — min. &2pg high-intensity near-crashes;
max. 16 percent, low-intensity conflicts

Exposure to Rear-End Pre-Crash Scenarios

Based on aggregate data of all drivers, the breakdd driving conflicts by specific
scenarios was similar overall between the ACAS-bBlethand ACAS-Enabled (Period 4)
test periods. Distributions of LVS, LVM, and LV2enarios were observed to be similar
between the two test periods. Moreover, drivelitlelresponse to each of the three
scenarios was similarly distributed across thetegb periods and the two levels of conflict
intensity. In addition, the ratio of near-craspes conflict also remained the same between
the two test periods at each of the two levelsoofflect intensity.

Driver exposure was investigated for 108 combimetiof scenarios (4 conflict levets3
dynamic scenarios 3 driver responses 3 speed bins). Statistically significant diffecerof
exposure between ACAS-Disabled and ACAS-Enablddtsods was found in only 7 of
the 108 combinations. The remaining 101 combinatitad no statistically significant
difference or fewer than 8 subjects per combinatihe reader is cautioned about the lack
of robustness in the ACAS-Disabled versus ACAS-Hethbffects measured since only 7
out of the 108 tests performed were found to biessitaally significant. These 7 effects
might be spurious effects. In 6 of these 7 scesaACAS was effective in reducing
exposure to driving conflicts at travel speeds w@rethan or equal to 35 mph. About 54
percent of the VDT at these travel speeds durieghiAS-Enabled test period was driven
with active FCW compared to 42 percent with ACh t@e other hand, ACAS was effective
in reducing exposure to driving conflicts with statal significance in only one scenario at
travel speeds between 25 and 35 mph. FCW waseaativ3 percent of the VDT at this
speed range, as opposed to only 1 percent by AQQ®@&percent in manual control.

Response to Rear-End Pre-Crash Scenarios
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Overall, driver response to driving conflicts wasitar between ACAS-Disabled and ACAS-
Enabled (Period 4) test periods with few exceptions

* The analysis of response initiation using TTC (RdRange Rate) for LVS and LVM
scenarios, and TH (Range/Vehicle Speed) for the s¢@nario, revealed only 6 statistically
significant (p< 0.15) differences in mean values between the tiwang modes — 6 out of
108 combinations of scenarios (4 conflict leveld dynamic scenarios 3 driver responses
3 speed bins). There were only two statisticaiypisicant (p< 0.05) differences in mean
TTC values between the two driving modes in respdad.VM scenarios at speeds below
35 mph. The reader is again cautioned about ttkedrobustness in the ACAS-Disabled
versus ACAS-Enabled effects measured since verycésas out of many tests performed
were found to be statistically significant. Thesight be spurious effects. The examination
of TTC for the LVD scenario, taking into accoung ttleceleration level of the lead vehicle,
identified statistically significant differences §0.05) between the means of the two test
periods at vehicle speeds greater than or equg8 taph. However, this difference was only
0.1 seconds or less in each of the four conflitgssity levels.

* The analysis of response intensity measures ideshfiéw cases where differences were
found between ACAS-Disabled and ACAS-Enabled (Rediptest periods. These
differences however were very small. There welg thmee statistically significant (g
0.05) differences in mean values of minimum TTGngetn the two test periods — three out
of 72 combinations (4 conflict levels3 dynamic scenarios 3 driver responses 2 speed
bins). Moreover, there were 7 statistically sigiaint (p< 0.05) differences in mean values
of peak and average deceleration between the st@égiods — 7 out of 144 combinations (4
conflict levelsx 3 dynamic scenarios 3 driver responses 2 speed bing 2 measures).

Safety Benefits Estimation

ACAS, as an integrated system of FCW and ACC foaneti has the potential to prevent about 6
to 15 percent of all rear-end crashes depending®source of crash data used for safety
benefits estimation. This system effectivenesgearbetween 3 and 26 percent according to 95
percent confidence bounds. By averaging estinfedesthe four sources of crash data, ACAS
might prevent about 10 percent of all rear-endreasvith variability between 3 and 17 percent
based on 95 percent confidence bounds. As a féstRS might avoid between approximately
133,000 and 687,000 rear-end crashes in the USim@s annually. About 17 percent of these
benefits based on travel speed rear-end crastadateccrued from response to driving conflicts
at vehicle speeds below 25 mph, 20 percent of thesefits are attributed to less exposure to
driving conflicts at vehicle speeds between 25 2mdnph, and the remaining 63 percent of these
benefits are also attributed to less exposureitangdrconflicts at speeds greater than or equal to
35 mph. On the other hand, 9 percent of the bisnedised on speed limit rear-end crash data are
due to vehicle speeds between 25 and 35 mph wialeemaining 91 percent are found at speeds
greater than or equal to 35 mph. It should bedchtitat FCW was active in only 4 percent of the
VDT below 25 mph. At speeds between 25 and 35 m@hY and ACC accounted respectively
for 73 percent and 1 percent of all VDT at thisexpeange. FCW and ACC accounted
respectively for 54 percent and 42 percent of &8Mat speeds greater than or equal to 35 mph.
These projections of safety benefits are consemvastimates and a “best guess” given the
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nature of data collected during this FOT. Thereew crashes in this FOT, and subjects
generally experienced few severe near-crashes.

6.1.3.2 Severe Near-Crash Analysis

* ACAS has the potential to reduce the number ofrgenear-crashes per 1,000 km traveled
by 10 percent and 20 percent respectively for log-aigh-intensity levels based on
aggregate FOT data from all subjects. FCW seiisitettings did not affect the frequency
rate of severe near-crashes. Similarly, ACC g#jngs did not have an impact on the
frequency rate of low-intensity severe near-crastéswever, 1-second gap setting was
prevalent in high-intensity severe near-crashdss fiesult must be taken with caution since
there were very few high-intensity severe nearkmasvith ACC during the FOT.

* The observation of video episodes triggered bytemnasninent alerts identified 24 events
where ACAS assisted the driver in potentially preireg a crash, near-crash, or heavy
braking. For 11 events, the driver was clearlyrdiged and unaware of the events ahead.
ACAS alerted the drivers of the lead vehicle brgkiim one case the lead vehicle was
stopped) and the driver responded to the alerrdkimg to avoid a crash. For 13 events, the
driver appeared to be looking at the road aheadgefkier, the driver failed to respond to the
event prior to being warned by ACAS. In 11 of #nd8 cases, the lead vehicle braked and
the driver responded by braking only after beingned by ACAS. In one event, the lead
vehicle was stopped and in another case the dsivesponse to the ACAS warning was to
brake and steer. For all 24 cases, the drivespaeses to ACAS warnings were relatively
severe with a mean braking rate of about 4.9 (atmout 0.5 g).

6.1.3.3 Driver Impact Analysis

No unintended negative consequences were obseyvexiimining travel speed, time headway,
lane position, distraction, and eyes-off-road. Seheesults were based on a short-term exposure
with ACAS. The analysis of driver adaptation aistk compensation would require longer
exposure periods than afforded by this FOT.

6.1.4 Driver Acceptance

Driver acceptance findings suggest a mixed respungee FCW system by FOT participants as

a group. The data indicate that, when FCW aledtears to actual threats, their opinion of the
FCW system was more positive. However, driversnditlexperience many actual threats. The
more tentative opinions may result from receivialgé alerts that were deemed excessive and/or
recurring. In general, drivers viewed ACC veryipuesly, despite expressing concerns about its
ungainly acceleration and braking, as well as sdaggee of uncertainty about brake light
activation to alert vehicles behind.

The results from the analysis of driver acceptameree mostly based on the subjective opinions
of FOT patrticipants with regard to overall acceptanf ACAS and its system components:
FCW, to a greater extent, and ACC. The assessofieiniver acceptance was structured on five
objectives as highlighted below.
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6.1.4.1 Advocacy

» The analysis of the advocacy survey data sugg#saediriver attitudes, overall, regarding
acceptance of the ACC system were positive andlioge regarding FCW were somewhat
less so. However, it is important to consider thate was often variability in responses that
was masked by summary statistics and borne outalyses investigating age group
differences.

* Anywhere from 14 percent-36 percent of younger @mmndtile-age drivers expressed negative
opinions regarding their intent to purchase FCWde®drivers were more likely to consider
purchasing FCW, on average, than younger drividsyever, it is relevant to note that older
drivers made significantly greater use of the Ag&team, which served to reduce the number
of imminent alerts received, and in turn may haffected attitudes.

» Drivers’ reported experiences with FCW alerts appe#o be associated with attitudes
regarding the system, as expressed in focus gemgbsluring debriefings. For instance,
imminent FCW alerts that served to refocus theettron the road, or alerted him/her to
“actual”’ perceived threats, tended to garner pasitegard for the system. Additionally, the
subset of drivers who experienced situations wttexg rated at least half of their FCW
alerts as useful tended to be more consistentlyip®svith regard to their degree of
advocacy. However, participants did express conmsgarding possible reactions from
other drivers if, based on an alert, they resporidesmething not typically viewed as a
threat.

» Driver acceptance of ACC, as indicated by the adepsurvey measures, is best reflected in
the dearth of negative Driver Acceptance ScaleescoAlthough drivers varied in the extent
of their advocacy regarding ACC, responses wereathguite positive. A main concern
expressed during focus groups and debriefingsipedo how other drivers might react to a
vehicle exhibiting unexpected deceleration, acegilem, and/or activated brake lights in the
midst of free flowing expressway traffic. Partiaids were concerned about how to warn
other drivers about non-normative or unexpectedclehctions, even to the point of
suggesting placing a placard on the FOT vehicleds.r

* A head-to-head comparison of driver acceptancadegpaFCW and ACC is inequitable and
should be guarded against. ACC is best class#fgean “incremental” innovation, building
on the familiarity that most drivers now have W@ C, is used when convenient, and at the
driver’s discretion. However, FCW, as a “preveatiinnovation, is less familiar, unable to
be deactivated and, given the relative rarity dlisions it may mitigate, called on only
infrequently. Rodgers (1995) noted that preventiwmevations, such as FCW, are more
difficult to introduce because the time scale regpiin order to see benefits is much longer
as compared to innovations that are considerednmental.

6.1.4.2 Perceived Value

» Drivers offered generally positive ratings pertagto FCW safety and understandability.
The more alerts drivers received, the less confitettney felt performing additional tasks.
Anecdotally, drivers who received imminent alertsiley distracted appeared to recognize the
benefits of such a system.

* With regard to ACC, measures of perceived valueewensistently positive. Among the age
groups, older drivers tended to be more positivilaéir attitudes concerning the
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predictability, distraction, and safety associateith using ACC. It is challenging to ask
drivers if a system such as ACC will improve treafety because drivers identify themselves
as safe drivers prior to acquiring enhancementls as ACC.

6.1.4.3 Ease of Use

» Drivers rated the ACAS implementation easy to anseeims of its settings and controls.
They reacted positively to the HUD and its dispsayhe FCW and ACC visual elements.
Their suggestions to improve ACAS included thedwaihg: reducing the number of false
alarms, simplifying the visual display and refiniting color palette and icons, improving
FCW'’s reliability (including during bad weather abtions), providing user-adjustable
options, such as an on-off switch and adjustmentsdffic state, and altering the imminent
alert timing.

* When drivers received FCW alerts that were notulsebnsidered false, or called their
attention to obvious and expected actions of otkarcles, they tended to express less
positive opinions. In particular, drivers did hi&e nuisance FCW crash-imminent alerts and
were especially annoyed if triggered by statiora@jects on the side of the road or for no
obvious reason. False imminent alerts were vieageohore annoying if they occurred
repeatedly. Some FOT participants drove the saadsrevery day and expressed
annoyance at receiving recurring false alerts ftloensame non-threatening objects. Middle-
age and younger drivers were more likely to repiost type of annoyance due to their work
trips.

» FCW false alerts deemed to have been triggerecebighb inanimate sources tended to
undermine the credibility of FCW. This outcomeansistent with research on trust in
automation. Madhavan (2003) reported that if a@omated aid makes errors on easy tasks,
people are less willing to trust and rely on itrtlzan aid that makes errors on difficult tasks
and performs easy ones reliably. One driver useddry wolf” analogy to describe his
reaction to repeated false alerts, while agrediag pverall, FCW had safety benefits.

6.1.4.4 Ease of Learning

* Although drivers rated FCW as easy to learn toimseshort amount of time, some did not
appear to understand how it worked, as was evidemt remarks made during focus groups
and debriefings. For instance, when asked duhiaglebriefing whether changing the
sensitivity settings affected the timing of crasiminent alerts, 41 percent of the drivers
responded that manipulating the FCW sensitivittirsgs altered the crash-imminent alert
timing, which, in reality, was fixed.

» Misunderstanding turned to frustration when drivetempted to purposefully trigger an
imminent FCW alert and were not able to do sothénprocess, individuals sometimes
pushed themselves to close the distance gap teettiele ahead, without realizing that
relative velocity was also a factor. Consequesityne drivers were uncertain about exactly
what activated their FCW alerts. They felt tha flystem alerted too late, because their
ineffective attempts at testing FCW resulted inrtiiehicle ending up too close to the lead
vehicle for their own comfort. The assumption mhglesome drivers, that FCW alerted
based solely on distance to the vehicle ahead haay been inadvertently and partially
fostered by the system’s visual representationssédce to the lead vehicle, a set of waves

6-1C



that some drivers referred to as “car lengths.vé\heless, many drivers volunteered that
using FCW helped them to learn about their drivang reinforce good habits. Drivers
realized that FCW was intended to mitigate driviisgs that, on an individual basis, occur
infrequently.

6.1.4.5 Driving Performance

» Drivers adjusted FCW controls fairly frequentlyrgpaularly when they first interacted with
the system; however, the incidence of adjustmemtsred off during the three weeks of the
ACAS-Enabled test period, indicating a learningeefff Time of day appeared to be a factor,
in that more frequent HUD adjustments were mad@duright driving.

» Drivers evaluated themselves as more responsiantbaware of, traffic when they used
FCW. This may be attributed to the way FCW opes;ads it explicitly called their attention
to potential threats. However, drivers did notadie® themselves as relying too much on
FCW. Comments provided during focus groups andietiégs also supported the notion
that drivers were not over-reliant, rather thatrthevareness of traffic threats increased when
FCW was operating.

6.2 GENERAL COMMENTS

General comments are made about the ACAS stateeedut status, FOT design, supplementary
tests, learning period and long-term effects of ABZAnd analysis of safety benefits based on
results and observations by the independent evaituat

6.2.1 System Design

The FCW function of ACAS incorporates state-of-Hresensor technologies for short-term
deployment plans (1 — 2 years). However, imprasigdal processing and threat assessment
algorithms would enhance FCW alert efficacy by gguping slower lead vehicles transitioning
from the path of the host vehicle to out of itstpathis event generated numerous unnecessary
crash-imminent alerts during the FOT, and eveneidtbe ACC to automatically brake in
response to lead vehicles exiting the freewaytidtary out-of-path targets were mostly the
source of false crash-imminent alerts. The GM ©dnsn identified some remedies that
seemed to be worthy of consideration in dealindpthis particular problem, including the
disregard of the closest in-path stationary (CiaB)et flag by the target selection algorithm.
The remedy is for the threat assessment algorithraly completely on the closest in-path
moving (CIPV) target flag that accounts only forvimg vehicles and for stopped vehicles
tracked by the radar to be moving prior to stoppiiiis approach would increase system
credibility and driver acceptance since false ataronthese stationary (never before seen
moving) objects would be removed. The examinatibvideo episodes revealed a few cases
where CIPS-tagged vehicles triggered the crash-mantialerts, mainly at intersections. Thus, a
concern is raised regarding the elimination of @S flag from the threat assessment
algorithm.

The analysis of crash-imminent alerts also showatihcreasing the threshold operating speed
of FCW over 25 mph would not make any significanpact on false and nuisance alerts (> 50%
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reduction). To boost driver acceptance of FC\Whatexpense of some limited safety benefits, it
is recognized that a tradeoff must be made betwkzhrates and the operating envelope and
sensitivity of FCW. The ACAS incorporated many sygiems to identify the path of the host
vehicle, and track and select targets at long mimgthe path of the host vehicle. One of these
subsystems is GPS/GIS mapping to help identifyptté of the host vehicle and make in-path
target selection. It appears that this featurelitéel impact on crash-imminent alerts as was
evident from the system characterization testwzs conducted in the Boston metropolitan area.
The map information was not available there andatbg rate did not seem to differ from the
rates observed in Michigan by FOT subjects withlaltle map data. Given the cost of such a
feature, the ACAS could perform without it unleskgourse, this feature is also a part of a
navigation device or a curve speed warning systeloreover, it is recommended that human
factors tests be conducted to obtain user feedtwatke usability of some of the HUD icons
presented to FOT subjects by the ACAS. This recendation is based on qualitative
comments made by FOT subjects during debriefings@rus group meetings. It should be
noted that only the cautionary and crash-immin&nt &ons of FCW were tested prior to
building the pilot vehicle for the FOT. Survey asubjective data from FOT subjects and
system characterization test data suggest thattestter acceptance of ACC would be achieved
with improved automatic acceleration and decelenatharacteristics. The results of the
independent evaluation suggest marginal acceptrfe€W and better acceptance of ACC as
well as some positive safety indicators that wardmployment at least at low-level market
penetration.

Additional research may be necessary to reduceatbe of false and nuisance alerts of FCW and
to enhance the timing of crash-imminent alertanfiai-term deployment plans (2 — 5 years).
Proceeding with further FCW enhancement activitiey depend on successful results (driver
satisfaction, units sold, and positive safety intptom short-term deployment and good market
penetration levels. The recognition of the dristate would improve FCW alert timing, ranging
from low complexity to identify the location of @er face (facing forward or sideways),

medium complexity to track the eyes of the drivehigh complexity to measure the cognitive
load of the driver. This research could build arrent efforts undertaken in the SAVE-IT
program (Witt et aJ April 2004). Another FCW improvement might bénmwved with the use of
digital image processing of the forward scene szelin the objects that the radar is tracking.
This might reduce the rates of crash-imminent sléue to stationary out-of-path targets.

Vehicle to vehicle communication is suggested tpriowe the forward-looking sensing
capability of FCW for long-term deployment plansyyears). This research would build upon
prior work in vehicle safety communications (Cr@sloidance Metrics Partnership, May 2004).
This enhancement would call upon lead vehiclesaiasimit information about their state to
following vehicles, given wider deployment of FCWthe vehicle fleet. The transmission of
relevant information about the lead vehicle suchisadynamic state (stopped in traffic, moving
at constant speed, decelerating, or acceleratanglge initiation, and value of its acceleration/
deceleration might improve the timing of crash-imamt alerts, thus reducing the rates of “too
late” alerts (increasing crash prevention potentialwell as “too early” alerts (decreasing
nuisance alert rate). It should be noted thatdbisent ACAS estimates the value of lead vehicle
acceleration/deceleration in support of the timafgprithm. Proceeding with such system
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improvement activity might depend on significantrked penetration rates of FCW in the
vehicle fleet during the next 5 to 10 years.

6.2.2 FOT Design

The FOT should involve as many subjects as posgiteén the limited number of instrumented
or equipped vehicles and FOT duration. The usaa® subjects (greater than 66 participants)
might improve the estimates of distributions fo thfferent measures of performance and might
increase exposure to the various driving conditiohise engagement of 120 subjects would be
feasible if each subject had an instrumented velidrl a test period of three weeks. The FOT
scope would then amount to 360 car-weeks. Thipesless than the ACAS FOT that totaled
369 car-weeks from testing the three versions oASG Algorithm A= 15 subjects 4 weeks,
Algorithm B= 15 subjects 3 weeks, and Algorithm C= 66 subjestd weeks. The three-week
test period would be sufficient based on the confesults of the ACAS FOT, using the defined
measures of low-and high-intensity conflict andrrashes. One week would be dedicated to
baseline data collection and two weeks would becated to driving with enabled crash
countermeasure systems. One week with systemezhalgluld be devoted to subjects learning
and becoming familiar with the system. To limi¢ thxperimentation and learning period of the
system to less than one week, it is recommendedtitgects be given training for a time period
slightly longer than in the ACAS FOT (extended 2itbours of driving accompanied by a
researcher). Driver performance with the systeralivbe observed in the second week of the
system-enabled period. The analysis would thernpeoendriver performance without the system
in the first baseline week to driver performancéhwine system in the third week. In contrast,
increased exposure (e.g., having some FOT sulg&perience the system for a prolonged
period of time, such as 6-8 weeks) would servetoeiase the number of close calls and raise the
likelihood of the driver experiencing a crash-imemhalert perceived as “highly valuable.” This
alternative would significantly decrease the nundddfOT subjectsy 40) given the scope of

this type of FOTs, unless more resources were dtldo expanding the FOT. Moreover, it is
uncertain whether the prolonged exposure tit® yweeks) would result in more close calls.

Based on exposure results of the ACAS FOT, fut@& Bubject recruits should be high-
mileage drivers since the test period is relatigflgrt given the cost of instrumented vehicles.
The more the mileage accumulated the more is thesexe to driving conflicts, which affects
the analysis of safety impact. This recommendatiomvever, would reduce the generalizability
of the findings since it would exclude a portiortloé general public who drives fewer miles,
such as the older population. This trade off sthdna further examined. To ensure that they
accumulate as much mileage as possible given tbhe vathe car-week allocated, subjects
should be tracked and pulled out of the FOT if thigynot use the equipped vehicle. It is
recognized that this action would add a cost tddbestics of running the FOT. Subjects should
remain in the three age groups representing thegendriver between 20 and 30 years old, the
middle-age drivers between 40 and 50 years oldjlamdlder between 60 and 70 years old. It
would also be helpful to recruit FOT subjects wisoally have travel patterns under driving
conditions that are targeted by the crash countesare systems. For instance, rear-end crash
countermeasures address conditions of moderateatgytiraffic and more following vehicle
situations while, on the other hand, lane depasuaing systems target drivers who are most
likely tired (nighttime conditions) or inattentivaa long trips typically with a low level of traffic
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In addition, subjects “at risk” should be recruitebed on information derived from crash data
or studies about drivers of higher involvementrasties targeted by the countermeasures (e.g.,
younger drivers with many traffic violations).

It is important that crash countermeasure functaeeing with similar dynamic scenarios be
treated in separate vehicles in the FOT. It wégdit to isolate the effects of ACC from FCW
in the ACAS FOT since these two functions weregraéed by design.

6.2.3 Supplementary Tests

Additional tests are recommended to supplemendaie collected from the FOT. Due to the
limitations of data used in the analysis of safetygefits, a test track or driving simulator
experiment would be needed to gauge the resporsébcts to severe driving conflicts or
near-crashes with and without assistance by treha@auntermeasures. It should be noted that
differences were observed in maneuver onset arldquedlict behavior during last-second
barking/steering maneuvers between the NationabAded Driving Simulator (NADS) and
closed-course test track tests (Curry et al., 200%)s type of experiment would generate data
about the swiftness of reaction and intensity spaomse to these severe events, which feed into
the safety benefits estimation equation. This aagakness in the ACAS FOT because the
subjects rarely encountered events of severe nahater similar initial conditions. This
experiment could be a part of the design and dewedémt cycle to improve system performance.
To avoid a false start of the FOT that led subsetiyiéo three phases of testing in the ACAS
FOT, it is recommended that a small FOT be condugt®r to the regular FOT with few
subjects in a similar test period so as to tryaduthe data collection instruments and logistics.
This would be a dress rehearsal for the FOT. €balts could also be used to modify the scope
of the planned FOT, make changes to objective ahpstive data collection, and make minor
changes to the system as needed and thus usedthsrarart of the design and development
cycle of the system. In addition, the independsaiuation should plan on longer duration of
the system characterization test to collect datkeudifferent driving conditions such as in rain
or snow or different traffic conditions.

6.2.4 Long-Term Effects

The analysis of unintended consequences in this\w&slimited to short-term exposure with
the system. Short-term test periods (few weeks)adgield comprehensive information on
driver adaptation with the system, thus risk conspéon behavior would not be easy to detect.
Results of the safety assessment don’'t conveyymay the long-term, positive, or negative,
safety effects of ACAS. Perhaps few FOT subjecatdatbe selected to drive a test vehicle for a
longer time period to assess long-term effectystiesn use. Longer exposure periods (months-
years) could be accommodated if the subjects’ ogimoles were equipped with less expensive
crash countermeasure and data acquisition systenns) would of course yield better data to
examine driver adaptation and potential safety fisneA higher degree of system acceptance
might be achieved if drivers were able to experethe full capability of the crash
countermeasure system in a near-crash event. oWhadceptance rate of FCW was due perhaps
to many subjects not experiencing true alerts matdous or imminent rear-end crash events
during the ACAS FOT. Longer exposure with the eysmight improve FCW acceptance.
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FOT subjects became familiar very quickly with tgeration of a new vehicle (2002 Buick
LeSabre in the ACAS FOT) based on the number dfiictsor near-crashes encountered per
distance traveled. However, a past study indicdtatidrivers might learn quickly to operate a
new vehicle in normal driving situations but migake longer time to appreciate its capability in
intense evasive maneuvers (Perel, 1983). Thissrecommended that subjects experience
heavy braking or steering maneuvers during theitrgistage of the FOT so as to get acclimated
with the capability and performance of the new glhi

6.2.5 Safety Benefits Analyses

To gain a better understanding of the potentiatgdienefits that can be accrued from ACAS
use, it is recommended that the FCW threat assessigorithm be applied to real world rear-
end crashes already recorded in a naturalistiecndyistudy (Neale et al., 2002). The ACAS
issues crash-imminent alerts that were deemed sop®eas “too late” by some FOT subjects.
This is mostly done by design to minimize the @tauisance alerts. The application of the
algorithm to rear-end crash data would help tavestie how many of these rear-end crashes the
ACAS may have prevented. The intent is to explanether or not the ACAS algorithm would
have issued an imminent alert in time that coulehzelped the subjects avoid the rear-end
collisions or other collisions preceded by a raail-pre-crash scenario.

Based on the results of data analysis to assessatéty impact of ACAS, it is recommended that
improved filtering processes be applied to iderdifiying conflicts and near-crashes, and filter
out low-risk conflicts. The analysis of the ACA®T numerical data limited the conflict
duration to at least 1 second to capture meanimyiuing events of the host vehicle closing in
on a lead vehicle. Perhaps, longer time of minindwration would have filtered out events in
which the lead vehicle was cutting in or out of Huesst vehicle’s path. Moreover, counting a
driving conflict in the ACAS FOT once the peak decation surpassed the 0.1g threshold
resulted in many driving conflicts and near-crashibsre the driver responded with very low
average braking levels. low-risk conflicts withryéow deceleration levels dilute the response
with and without ACAS assistance, which affects¢bmparison between the baseline and
treatment conditions. In addition, including toamyg conflicts of low-risk nature adds to the
complexity of the analysis. An additional filteight assign a certain time duration in which the
peak deceleration must remain over 0.1g. The aisabf severe near-crashes imposed the
criteria of minimum TTC less than or equal to 3c®ts and peak deceleration over 0.3g. This
filter, however, yielded a number of events thas wary small to conduct any statistical
analysis. The evaluation of the ACAS FOT used &wlkhigh-intensity levels that were
assigned to conflicts and near-crashes. Basekeoresults of using both levels, it is
recommended that the high-intensity level be used ¢hough most statistically significant
results were observed at the low-intensity lewdbpefully, upcoming FOTs would employ more
subjects who would drive longer distances and ihcreasing exposure to driving conflicts.

Visual filtering step could be used as well todfilbut low-risk conflicts from numerical FOT
data. This would add more labor effort to sortftots out. In addition, continuous recording of
the forward scene would be needed at a higher frates of at least 2 Hz or 2 images every
second instead of 1 image every second in the AE@S (other than triggered events). This
would add to the amount of stored data. Finaliig evaluation used Monte Carlo simulations to
estimate the probability of a crash given an ent&yunith a specific driving conflict. Use of
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direct mathematical techniques to estimate theglitiby of a crash is recommended such as the
application of statistical distributions from extre value theory or crash prevention boundary
techniques.
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APPENDIX A. System Characterization Test

A system characterization test was conducted aop#re independent evaluation using an
ACAS-equipped vehicle similar to vehicles usedha FOT. The purpose of this test was to
supplement FOT data with additional informatiorck@aracterize the capability of the system.
Data collection was performed over several weekhkarfall of 2003 in the Boston metropolitan
area. The University of Michigan TransportatiorsBarch Institute (UMTRI), FOT conductor,
provided the independent evaluator with a spe@sltk alter the data acquisition system
onboard the test vehicle from regular FOT dataectibn mode to a special mode that records
the forward scene video continuously at 10 Hz aaie does not store images of the driver face.
This allowed the independent evaluator to analjeddrward scene images afterwards to
measure the ability of the forward-looking sensetesto detect and track in-path targets as well
as to reject out-of-path targets. The test vehiee also equipped with a rear-facing camera to
record the activities of following vehicles so asobserve their response to ACC autobraking
and acceleration.

This test was executed on a wide variety of roadegafigurations and environmental
conditions for a total distance of 392 km and ttitak of 6 hours and 48 minutes. Tables A-1
and A-2 present the breakdown of km and time teve¢spectively by driving mode, roadway
type, traffic state, and atmospheric conditionstifgy was not conducted within crosshatched
areas because ACC would not function on urban ahdrban routes due to low speed and
frequent stops, or because it was assumed thatahiiging on freeway routes would not alter
results from day driving. Cells with gray fill esfto incomplete testing due to the lack of rain
while the test vehicle was in Boston. Figures A2, and A-3 highlight the